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PREFACE TO THE SIXTH EDITION 


Sixth Edition of Chemistry in Health and Disease represents 
no change in the size of the book. This was accomplished by care- 
fully evaluating the Fifth Edition, and then deleting and condensing 
some of the subject matter to provide space for new material and 
for added emphasis on several topi(s. The first two chapters in 
Part II, Organic Chemistry, have been expanded to three chaptem, 
and the material has been largely rewritten and reorganized. This 
has been done because the fundamentals of Organic Chemistry 
are becoming increasingly important for an understanding and 
interpretation of the chemistry of body processes, both in health 
and disease. The topic of colloids, in the chapter on Solutions, 
has been extensively revised for this new edition. 

The features that contributed to the wide acceptance of the 
previous editions by both students and instructors have been 
retained for the most part in the present revision. A chapter 
outline, useful to both the student and his instructor, is placed at 
the beginning of each chapter. The self-testing questions inter- 
spersed throughout the text provide the student wiA a means of 
determining his or her understanding and retention of the subject 
matter. Included in the "Suggested Activities” at the end of each 
chapter are: "Thought-Provoking Questions,” "Vocabulary of New 
Terms,” and "Topics for Oral or Written Reports.” Following 
Parts I, II, and HI are reviews of definitions and meanings of 
significant terms. The laboratory exercises constitute Part V of 
the book, and they are correlated with the chapters. Part IV 
consists of an appendix containing charts, tables, and other 
organized data useful to the chemistry student. 

The objective of the Sixth Edition, as of prior ones, is to give 
the student a foimdation in chemistry which will include the neces- 
sary chemical facts and theories important in an intelligent 
approach to the study of health and disease. 
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Suggestions and criticisms from instructors who have examined 
this book have always been wekomed, these are valuable guides 
for revisions Grateful acknowledgment is given to Dr Alfred H 
Free, chief chemist and head of the Biological Department of the 
Miles Laboratones, for the chapter on hormones Suggestions 
from numerous correspondents, especially Sister Veronica, of Good 
Samaritan Hospital, Dayton Ohio, have helped greatly m makmg 
the text what it 13 The authors also wish to express appreciation 
to the staff of the F A Davis Company for contmued cooperation, 
and to numerous individuals and organixations to whom they are 
indebted for permission for use of certam illustrations, as acknowl 
edged throughout the book 

Haruy C BrooLE 
Vaughn W Floutz 



PREFACE TO THE FIRST EDITION 


There are many life situations in which an apphed course in 
Chemistry is needed In such instances, all of the ramifications of 
the science, such as its applications to the industnes, are not needed 
The medical student, for instance, is very much concerned with 
biological chemistry, as is the dietitian and student of nutntion, as 
well as the nurse Agam, there are many pubhc health workers, 
and numerous technicians of vanous kinds who are not nurses, and 
yet are concerned with the apphcation of chemistry in Health and 
Disease It is true, that of all such groups, the nurse is the most 
vitally interested m such an apphcation of Chemistry as that pre 
seated in this text 

The author feels that students taking an apphed course in Chem 
istry need only a minimum of morganic chemistry, especially as the 
importance of physiological chemistry is being more and more em< 
phasized At first glance, an instructor may feel that some topics 
m inorgimc chemistry have been entirely eliminated from the text, 
whereas they are sufficiently covered in the Laboratory Work pro 
vided for each chapter 

Chemistry in Health and Diseasehas been divided into three major 
sections inorganic, organic, and biochemical The morgamc section 
IS, of course, a necessary review for the entermg student, however, it 
has been made into a functional discussion, as a consequence this 
section contains much useful information not ordinarily contained 
in many texts dealing with elementary morgamc chemistry More 
over, smce practically all of the pnnciples of chemistry are con 
sidered in morgamc chemistry, this branch of chemistry must as 
Bume a prominent place m any text of this kind 

This text provides sufficient material for a sixty to a ninety hour 
course and it presents a more extended development of orgamc 
chemistry than is given in any other similar text That the student 
who has not had much of a background m orgamc chemistry might 
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better understand the principles of biochemistry, more than the 
usual discussion has been allotted to the development of organic 
principles, and in particular the diemistry of the carbohydrates 
fats, and proteins Much stress la laid upon biochemistry, which 
of course mcludes the chemistry of the blood and of the excretory 
products of the body, as well as diemical changes involved in 
metaboham, the role of vitamins in nutrition, and the chemistry of 
milk and other food products More attention has been given to 
the chemical change taking place in the body than has hitherto 
been presented m a text of this character 

It IS a pleasure to acknowledge the author’s mdebtedness to Dr 
Cecil E Boord, Professor of Orgamc Chemistry, Ohio State Uni 
versity, for his constructive cnticism of the chapters included in 
the orgamc section of this text, and to Fredenc T Jung, Ph D , 
M D , Associate Professor of Physiology, Northwestern Umversity, 
for the improvement resulting from his criticisms of the chapter on 
Metabolism 

My sincere thanks and appreciation for the improvement of »bia 
text are due Dr Anthony Smdoni, Jr , of Philadelphia, Pa , for his 
excellent fund of information and his personal contribution tn writ* 
mg the chapter on Vitamins 

Especial appreciation should be expressed to Miss Manon G 
Howell, Dean of the Frances Payne Bolton School of Nuramg, 
Western Rteerve Umversity, who made possible the opportumty 
to present this material in manusenpt form to the author’s classes 


H c B 



AN EFFECTIVE METHOD 
OF STUDYING CHEMISTRY 


Since the greater part of the time devoted to any course is spent 
in preparation, it is necessary that the student form correct study 
habits for the assimilation of textbook material. In undertaking a 
study of any subject one certainly must have a knowledge of the 
objectives involved. These include the nature of the subject 
matter to be mastered, and a clear understanding of the facts and 
principles needed for dealing with the problems embraced in 
the subject. 

Some of the factors in an effective method of 8tud5ring chemistry 
have been established by an investigation of the study habits oi 
numerous students who were aucc^ful in mastering this science. 
The following outline of the objectives in this course, together 
with suggestions for more eifective study, should prove helpful 

I. FACTS AND PRINCIPIES 

(a) To know that many of the happenings in everyday life aa well as hospital 
procedures are the result of chemical changes, and that our very existence 
depends upon them. 

(b) To understand the electrical nature of the atom and the principles in 
volved in chemical changes 

(c) To know the properties, uses, and behavior of certain elements, com 
pounds, and classes of compounds 

(d) To have a better understanding of the place and possibilities ,of chemistry 
in health and disease 


n. AniTUDES 

(a) To develop a growing understanding of the practical applications ot 
chemistry which furnish bo many modem comforts 

(b) To have a desire to select and leam the facts and pnnaples which are 
necessary for the understanding of chemistry in the field of nursing 

(c) To appreciate the value of health and to demand pure foods, drugs, and 
other substances necessary to health and social well being 

(d) To appreciate the numerous applications of chemical changes 
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(e) To develop a desire to leam the fandameDtala of chemistry to the end 
that the current literature relating to the nurauig profession may be read 
intelLgently 

(f) To develop an appreciation of the contnbutiona that chemistry makes for 
the Btudent’s full development 


III HOW TO STUDY 
Study Where There Are No Interruptions 

It IS much easier to concentrate where it is quiet and where there are hkely 
to be no interruptions la other words the right environment rot only assists 
you m developing good study habita but aide in conserving time and tune is 
oneof the most valuable things intife Each individual has 24 hours per day, 
no one has more Time must be used where it la found You cannot borrow 
two hours &om today and use it tomorrow Also time lost can never be re- 
gained For these reasons plan to use your tune wisely Plan your work and 
then work your plan Make a class and study schedule, and adhere to it 
Experiences of student nurses indicate that finding sufficient time is a moat 
unportant problem 

Consider the Value of the Subject 

Before beginoing to study aak yourself whether the subject matter wiU be 
useful to you not only in succeeding courses but also m the future practice of 
your profession. Only m this way can you stimulate and arouse sufficient 
interest to have a desire to master your assignments If at any time interest 
lags and day dreaming begins thmk again of the handicaps that must be over 
come by a nurse who is lacking in the fundamentAl principles of chemistry 

Acquire a Bird’s eye View of Each Assignment 

For those students who have had some previoua training m chemistry it 
will be sufficient to read the Chapter Outline at the beginning of each 
chapter in order to gam a survey of its subject matter but for those who have 
had no previous chemistry it will be necessary to reed not only the paragraph 
headings but perhaps the entire chapter This should be done rapidly The 
object 13 to gam a general idea of the mam points of this chapter before 
beginmng to study its details 

Make an Analytical Reading af Eoch Paragraph 

(a) Underscore the mam points or make a marginal note of them (b) Give 
special attention to italieired words fc) Learn the meaning of technical words 
such as atom and electron (d) Build a vocabulafry of chemical words for 
quizzing purposes (e) Master a paragraph before pi-oceeding to the next one 

OuaiUon Yovrsalf on the Content! 

Go back, and after looking at the paragraph heading try to recite its essential 
facts or check your accomplishment by the Self Test,ng Questions Repeated 
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recitation is a more effective method of remembenng than merely reading the 
assignment over and over agam 

Prepare for Tests* 

Make up questions (preferably completion type) covering the mam points 
and those other points which you would bring up if you were the instructor 
Sometimes it is an advantage to be quizzed by another student. The next 
best practice is to answer the author’s questions 

Study Plans: 

(a) Go over your assignment or lecture notes the day they are given This 
enables one to remember and plan for study time (b) Study the assignment 
the day before going to class (c) Review underscored lines, italicized words, 
and your notes the next morning, or just before going to class 

IV. IMPROVING YOUR MEMORY 

Everyone spends hours trying to remember things Maybe it’s a name, some 
statement you read, or something you were supposed to do You try to con 
centrate, to puU the thought out of the re^sses of your mind But there are 
no zeal muscles that you can use to draw a memory from the past The harder 
you try to remember in that manner, the more hkely you are to forget To 
illustrate, suppose that when being introduced to someone, you are aware of 
the blue color of bia suit his red necktie and bu mustache Later, m trying 
to remember his name, you think of these details and what happens? You 
cannot recall it Why^ Because your mind is crowded with these details that 
only serve to detract from the name you want to remember There has been 
no association between the mao and the name 

Association Aids Remembering 

Instead of this haphazard method, make these details help you Immedi 
ately following the introduction, begm to tie them all together by associating 
them with something defimte about the person They will have a tendency to 
stay together Then, when one fact comes into your nund, they are automati 
cally all brought to the surface If the man’s name in the above incident was 
Skye, for example, it would be a simple matter to associate the name Skye 
with the blue color of his smt by merely associating blue and Skye Blue Skye 
It sounds silly, but it does aid remembenng In this simple plan for remember 
^g> you have pictured a detail you wish to recall Mind pictures are more 
easily remembered than anytMng else To recall anything, you must first give 
sufficient attention to the facts you wish to remember, and second, leam as 
many related facta and ideas as you can, so that any one will recall all the 
others 

How to Retain What You Read and Study* 

Sometimes you find after reading a page, your text for example, the inability 
to recall a single line Tbe usual reason is that you have read too rapidly, 
skipped words here and there, let your mind wander occasionally about some 
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thing else or maybe were not in the nght frame of mind, worried for instance 
To overcome one or more of these bad readmg habits especially lack of con 
centration and be able to retam textbook material for example you must 
First Learn to read slowly, only one thing at a time (no skipping), and keep 
your mind on the understanding of each sentence before passing onto the next 
sentence By readmg slowly your mind’s eye can coordinate with your visual 
eye and then you will have a menial movmg picture of what ideas the author 
IS presenting, a prmciple long ago presented when the Chinese stated that ’'One 
picture IS worth a thousand wor^ ** To retain what you wish to remember 
you must use a mental moving picture of wbat you want to remember and 
associate it with somethmg that is already present m your nimd 

Second Underscore the points or make a marginal note of them 
Third Check your retention by raising your eyes at mtervala from your 
readmg and find out how much you can recall If unable to make a rapid 
mental moving picture, a glance back at the reading will let you know how well 
you are concentrating and retauung the subject matter And for emphasis 
again you must understand and master a paragraph before proceedmg to the 
next one for if you cannot remember at thia pomt in your readmg, what 
chance do you think you will have of remembering in a coming recitation or 
written test’’ 

Fourth Frequently glance back over the mam points and at future times 
acquire the habit of reviewing Interval reviewing to memorize requues about 
one half the tune as does one reading 

Sometimes You Forget In Order to Remember 
However, it alter really learnmg eomethug, you still cannot recall it try 
bard to forget it, the secret of accomplishment ^ing to expel it by substitut 
mg a more powerful thought Clear your mind of what is bloclung it, and 
keep it cleared 

Sometimes you will make an intense eBbrt to quickly recall eometbmg, and 
succeed in doing it But the next tune you will find it harder to recall You 
may even be unable to recall it at all This is due to oveiloading your mmd 
with unrelated details 

When the tnck of forgetting unrelated details becomes part of your mem 
ory method, you will amaze yourself with the variety of things you can recall 
Your very efforts thus far have hidden them from view If you can’t recall 
something at once, leave it alone, do sometbing else so you will forget it 
Later, try a second time If that doesn't work start forgettmg again Once 
this becomes a habit, you will have no difficulty la recalhng instantly almost 
anything you once learned 

There Are Three Laws of Memory 

Intxhest Is the first of three great laws of memory You can learn any 
thmg that you are sulfiaently interested m. Since learnmg la necessary for 
remembering, the deeper the interest, the more readily you can remember 
The student who can’t leam chemistry or any other subject is not very 
much interested in it. Chances are very little will be remembered unless 
mtereaC is aroused 
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Selection is the second great law of memory If you did not forget almost 
everything, you could not remember anything Of the countless impressions 
received by your mind every hour, it is necessary to retain only a select 
few Otherwise your mind would constantly be in a state of chaos Building 
up a strong memory does not mean remembering everything 
Organization is the third and most important law of memory You 
must center your knowledge around one defimte goal, nursing, for example, 
and keep it m ramd always 

From this we can see how all three laws — interest, selection, and organize 
tion — depend upon each other, and must work together to give you knowledge 
and a strong memory 

Immediate Reviewing Saves Hours of Study 

Acquiring the habit of review is of major importance in improving your 
memory When reviewmg anything you want to remember, do it at once, the 
same day Otherwise, you will spend two or three times as long the next day 
Re-read it a day later, and, after a week, a quick glance at it will Suffice to 
refresh your memory 

As a matter of future consolation, your memory does not become dim with 
age It takes you longer to organize your thoughts but your mental power is 
the same 
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TO THE INSTRUCTOR 

It may be helpful to offer, briefly, what has been found to be a 
very satisfactory method of presenting the subject of Chemistry to 
student nurses. The nature of the work expected, and some of the 
things required of the student, may be presented to the students as 
a preliminary to beginning the study of chemistry. It is not ad- 
visable, however, to reveal all that will be expected of the chemistry 
student, any more than it would be to try to tell a child all that life 
expects of him. Many things should be presented gradually, and 
as the work progresses, otherwise the student may become confused 
and discouraged. 

CLASS WORK 

(1) The Textbook: A textbook is an educational tool. No 
attempt should be made to use such a tool until the student 
becomes familiar with it. Explain the organization of the book, 
beginning with the table of contents. Show the principal divisions 
of the text and their nature. Now examine one of the chapters 
showing its organization, its preUminary material, its lesson plan, 
and its study aids at the end of the chapter. 

The first division of this text, Inorganic Chemistry, takes up some 
of the accomplishments of chemistry in providing for greater health, 
comfort, and leisure. It gives (1) a somewhat elementary concep- 
tion of the meaning of chemistry, (2) some idea of the accomplish- 
ments of the chemist in a changing civilization, (3) an understand- 
ing of the chemist’s working terms, (4) a mentsd conception of the 
electrical nature of the atom and its behavior in chemical changes, 
(5) a knowledge of the properties and uses of oxygen, water, acids, 
bases, salts, and certain nonmetallic elements, and (6) the behavior 
of these elements or compounds under varying conditions. 

The second division of this text, Organic Chemistry, stresses 
concentration on certain type reactions applicable to each of the 
homologous series mentioned. The type equations, together with 
the examples which accompany them, illustrate the chemistry of 
other members of the series. In way students become familiar 
with the characteristic properties of each series, and do not have 
to learn too many equations other than the type equations. 
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The third division of this text. Biochemistry, aims only to give 
students the essential background and facts necessary to under- 
stand and evaluate any future accomplishments m this field of work 
This text IS designed to enable students to study without any 
interpretation on the part of the instructor, thereby stimulatmg the 
student’s interest Human interest is one of the major principles 
of education, and without it one remains a poor student 
Interest is the essence of scientific thinkmg Teaching difliculties, 
as usually met, are made somewhat easier by introducing practical 
helps for both student and instructor 
The outhne at the beginmng of each chapter simplifies and clas 
sifies the subject matter 

The “self testing” questions at the end of the natural breaks in 
each chapter are such that when properly answered they will assure 
the student that the minimum essentials have been mastered The 
“thought provoking” questions in the Suggested Activities are 
pnmardy for those students who can think lo the realm of cbem 
istry These questions are mostly of a practical nature, and have 
been asked with a view not only of fixing the basic facts developed in 
the text, but also to enable the student to solvefuture problems based 
upon these prinoples Since the answers are not directly stated, 
these thought provoking questions should develop individual 
thought and research on the part of the student Tio provide 
further for mdividual differences and to faahtate individual work 
there are special topics and suggestions 
The important techmcal words or terms as they first appear in 
the discussion are listed at the end of each chapter imder the title, 
“vocabulary testmg of new terms ” This list will be helpful to 
students who have formed the habit of looking up words that are 
not famili ar to them 

The “topics for oral or written reports” are primarily for students 
who are capable of doing additional work, especially for those who 
have had a year’s work m elementary chemistry The reference 
books and penodicals hsted on page 633 shoidd prove helpful 
as sources of material for such reports These references, and 
others, are to be found m most science hbranes 
Interest in the course will be aroused by asking the pupils to 
present any clippmgs from current penodicals of a chemical nature 
These should be signed by the donor and attached to the Chemistry 
BuUetm Board 

The illustrations, far m excess of those in other texts of this 
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nature, have been selected ^th a view to stimulate interest and 
motivate thinking. In this way chemical principles and their 
applications are visualized by the student, thus adding to the 
clarity of text explanations. 

From the above statements it shoiild be evident that the text has 
been oi^anized not only to aid the student, but also to assist the 
instructor in his teaching problems. 

(2) Assignment: Go over the main points covered in the assign- 
ment, emphasizing important parts, pointing out difficulties, and 
showing some of the practical applications. 

(3) Tests: Testa are conducive to study-habit formation. Have 
ready two mimeographed sheets, A and B, each containing a 
dozen or more questions of the one-word answer, the multiple- 
choice, or the matching-answer type. The tests should review the 
past class and laboratory work, and cover also the assignments of 
the day or week. Following the assignment, and previous to the 
lecture-recitation, give every alternate student the same set of 
questions. It will be evident that these tests will be a check of the 
student’s review work, and the preparation for the advance assign- 
ment. Further checldng is made possible by mid-semester and 
term examinations. After collecting the papers, immediately review 
the tests. 

(4) Lectube, Recitation, and Demonstration: Follow up the 
review of the tests by discussion of further points brought up in the 
assignment for the day or week. This may consist of lecture, 
informal questions, or ^cussion by the students. Lecture, accom- 
panied by demonstrations and recitations, is an effective method 
for class work. Ihe extent to which each of these different pro- 
cedures is used will depend upon the lecturer and the size of the 
class, as well as the preparation and previous experience of the 
students. 


STUDY ASSIGNMENTS 

Since textbook assignments depend upon the number of hours 
allotted to the course, and the previous training of entering stu- 
dents, the following assignments are suggested: 

(1) For a short course, with all of the students having been care- 
fully selected, the first eighteen chapters offer sufficient material 
for two home of lectvure-recitation and one laboratory period per 
week. This will constitute a six^-hour course. 

(2) For a short course when the time allotted for the coume is the 
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same as m (1), but when all of the students have had the equivalent 
of a good couree m high school or college chemistry, practically the 
entire text can be covered *11113 can be accomplished by reviewing 
the discussion part of the first eleven chapters (Inorgamc) and 
selected parts of the laboratory exeraaes in the reatations and the 
laboratory assignments Such a rearrangement will then allow 
these students extra class and laboratory periods for covering the 
organic section, and selected portions of the biological section If 
pressed for time, the chapter on Blood and Lymph and the chapter 
on Hormones may be omitted as these subjects are treated in phys 
lology Also the chapter on Vitamins and Milk can be considered 
m nutrition This then will constitute a sixty hour course 

(3) For a long course there is sufficient material m the twenty three 
chapters to cover one semester’s work by assigning mdividuaJ 
chapters, mcludmg the ‘ Suggested Activities ” Such a course will 
be suitable to schools of nursmg which are affiliated with imiver 
Bities It will constitute a ninety hour course 



PART I 


INORGANIC CHEMISTRY 


The division of chemistry that deofs with the study of lifefess or 
unorgonized materials excepting those containing carbon, and 
includes the general principles ur>der}ying their transformations 


Technique for ihe odminisfrotion of rodioocirve gold Notice the 
heavy wotled storage container from which the rodioocijve material 
IS being removed Courtesy Medical Oiviiion Oolc Pidge fnttifute of 
Nuclear Studies Inc 
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SOME FUNDAMENTAL FACT: 


CHAPTER 

I Cbbjocal Cbanqcs lir 

(a) Analysis and synthesis 

(b) Factors mfluenoag 

chemical change 

(c) Physiology correlation 

II Mattes and Enbkct 

(a) Two states of energy IV 

(b) Cbeaucal energy 
(1) Its conservation 

(c) How chemical energy u 

measured 

(d) Energy value of foods 


OUTLINE 

Elbuents and Their Occubrbkcb 

(a) Elementa the basic forms of 
matter 

A) Metals and nonmetala 
(c) Importance of elements 

(1) In the earth s crust 

(2) In the human body 

Compounds and Mietuees 

(a) Compounds 

(1) I^w of definite eomposi 
tion 

(b) Mixtures 

(c) Pharmacology correlation 


U CHEMICAL CHANGES 

From remotest antiquity the thoughtful observer has been im 
pressed by the fact that the different materials m nature about him 
are frequently undergoing changes The burning of wood probably 
first attracted the attention of man as one of the greatest changes 
(Fig 1) As the onginal wood bums, heat and light are produced, 
and finally nothmg visible remains but a few ashes The rustmg of 
metal, the sounng of milk, the decaying of fruits and meats are 
further sinking examples of these <^emical changes Foods undergo 


Eg 1 — Chemcol Change The campRre 
illustralei one of the b«jt known chemtcol 
changes, i e , burning What ore two mo n 
products of bumingl Courtesy, H Armstrong 
Roberts Phitod»lphta 
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complicated chemical changes m the body All processes for cook 
ing involve chemical changes which not only make foods more 
palatable but also more digestible The white of an egg, for ex 
ample, is rendered more palatable by convertmg it into a soft 
white solid The study of changes tn the composition of matter, and 
the energy transformations udiich accompany such changes, is the 
science of chemistry 

Analysis and Synthesis 

If we apply fire to the wick of a candle we first observe that hght 
IS produced and then we notice heat is being generated The candle 
18 a poor medium for illumination because it produces more heat 
than hght Contmued observation now informs us that the candle 
13 disappearing 

If we hold a clean, dry inverted bottle over the bummg candle, 
moisture will be seen to condense upon the inside of the bottle, 
which indicates that water (H2O) is being formed The abbreviated 
wntmg of water as H2O means ^at water is composed of two parts 
of hydrogen and one part of oxygen 

Now, if we lower the inverted bottle over the burning candle, 
the fiame finally goes out Hie invisible gas left m the bottle, if 
shaken up with some clear limewater, forms a milky white bquid 
We know that we exhale carbon dioxide, CO}, and this gas also 
gives this same test when by means of a glass tube we blow through 
hmewater We therefore conclude that carbon dioxide is also m the 
invisible gas formed when the candle bums Further, we have been 
taught that oxygen in the air is necessary for breathing, and for the 
burmng of any material, therefore if the oxygen m the H2O and the 
CO2 came from the air, the candle must have been composed of 
hydrogen, H, and carbon, C, and perhaps oxygen 0 By finding 
that the substance of the candle contains hydrogen and carbon we 
have illustrated a process called analysis 

The opposite of analysis, i e , the combining of substances to 
form a new substance, is called synthesis Thus the combining ot 
hydrogen and oxygen to form water is called the 83mthesis of water 

In all chemical changes the composition of the original substances 
has changed, and energy has been evolved or absorbed If a change 
takes place wherein the composition is not altered (when you can 
BtiU recognize the substance by some of its descriptive properties 
as the origmal substance with which you started), then the change 
is a physical change No new substance is formed In bendmg the 
arm, both physical and chenucal dianges take place (Fig 2) In 
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the physical change, the voluntary muscle becomes harder, thicker, 
and shorter, while the cells are altered in size and position. The 
chemical change is primarily the result of the oxygen in the blood 
reacting with the sugar and fat. The proof of these chemical 
changes is evident in ordinary exercise. As the result of the in- 


ftg. 2->QiemIcal Change In Mus* 
cles. In bending the arm both 
physical end chemical chonget take 
place. What always fi produced 
by a chemleol ^onge? 

temal and external work of the body, heat, a form of energy, is 
produced. Strenuous and prolonged exercise leads to an accumula- 
tion of lactic acid in the tissues, contributing to fatigue. 

Factors Influencing Chemicaf Change: 

As the study of chemistry fe continued it will be apparent that 
there are factors which promote chemical changes and affect their 
rates. Heat, light and electricity, all of whidi are forms of energy, 
are widely used for bringing about chemical changes. Catalysts, 
substances capable of changing the rates of chemical reactions 
without themselves undergoing any permanent chemical change, 
are important agents, and numerous examples of these will follow. 

Physiology Correlation: 

What are the chemical dtanges producing muscle fatigue? What 
is derived from these chemictj changes? Review the subject of 
fatigue, its causes and preventives. Chemically, why does eating 
sugar relieve fatigue? What have ventilation and perspiration to do 
with fatigue, and why is salt added to the drinking water of those 
whose labor produces profuse sweating? 

SELF-TESTING QUESTIONS 

Note; At frequent intervals throughout the text, questions are inserted 
to serve as a quick checking device. If answered correctly they indicate 
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Fg 3 — Tb* Telstor II Commumeefiont Sotellite Budt by Bell Telephone loboroto 
nes There are 3600 tolar cells on its surfoce for transforming solar energy (light] 
into electrical energy In what woys mcry satelliles of this type prove useful to the 
medical profession! Courtesy, Amfr/con Tefephene end Te/eproph Company 

tbe mastery of the precediog eectioa Asawera should be wntten out, whether 
or not the <HKstioii3 are assigned Tliey mil serve later as e general review, 
prior to final tests 

1 What does tbe study of chemistry uivolve'’ 

2 Define and give as example of artaiysia and of synthesis 
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3 What 15 the test for carbon dioxide? 

4 What are three ways of recagToizin^ a chemical change? 

5 What three forms of energy may bring about chemical changes? 


n. MATTER AND ENERGY 

Iq all dieimcal changes we deal first with matter, which is defined 
as anything occupjnng space and possessing weight, and second 
with changes which we call energv changes By energy we mean 
the abihty to do work, or to maintain motion in spite of opposmg 
forces Any form of matter — solid, liquid, or gas — possesses energy 
since it can always be placed m condition to do work Fuels such 
as wood, gasolme, or gas possess energy since, when burned, they 
can do work by operatmg engines to produce motion In fact, 
matter is energy m another form (Einstem) Familiar forms of 
energy are light, heat, sound, electrical energy, and chemical energy 

Two Stoles of Energy 

In winding a clock spnng, pumping water into an elevated reset 
vour, or liftmg a heavy weight, work has been done and energy has 
been stored This form of mactive energy which a system or group 
of bodies possesses by reason of position or configuration is called 
potential energy Under changed conditions this energy can be 
released to do work Potential energy can be transformed into 
energy of motion, which is called kinetic energy This is the type 
of energy possessed by particles (molecules) moving at random 
(Fig 4) In a hot body there is violent agitation and coUison of 
the particles, while m a cool body they move more slowly Energy 
of motion IS usually dissipated as heat 


Rg 4'— Porticlei (Molecules) In Mot on. The 
constant collis on of minute moving port cle* 
(molecules) w th ether port cles produces o 
motion In short, straight I nes. Why do the 
particles hove errotle motlonsf 
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Chemical Energy: 

Foods and fuels and all chmical substances possess potential 
energy which becomes available as heat or kinetic energy when 
chemical changes take place. Sometimes these energy changes be* 
come the most important part of a chemical reaction, and changes 
in the composition of matter are brought about with this end in 
view. For example, some of the food taken into the body is 
“burned" to give heat and mechanical energy, while some is used 
for building body structures. However, we bum fuels in a furnace 
to produce heat only. In this course we are particularly interested 
in the chemical energy stored up in foods This results when 
energy from the sun (solar energy) is utilized by plants, through 
the agency of chlorophyl (klo^ro-fiU), to synthesize carbohydrates, 
etc. Upon “burning” these foods in the body there is again released 
the same amount of energy which the sun supplied in producing the 
food. This energy is used primarily to keep the body at the normal 
temperature of 37® C. (98.6® F.), the necessary temperature for 
chemical changes which take place in it Only a small amount of 
the energy &om food is used to supply the body with mechanical 
energy, which is manifested by cell movement; most of it is used 
to keep the body at normal temperature. All experimental evidence 
points to the conclusion that energy can be transformed from one 
form to another without loss. These facts are usually expressed as 
the Law of Conservation of Energy, a law which states that energy 
can neither be created nor destroyed, but may be transformed from one 
form to another. 

How Chemical Energy is Measured: 

As chemical energy generally appears as heat energy we use heat- 
energy units to measure chemical energy. In the metric* system of 
measurement, the unit of heat energy is called a calorie (small), 
which is defined as the amount of heat required to raise the tem- 
perature of one gram of water one degree, centigrade. 

In physics and chemistry the colons (cal.) is used; but in nutri- 
ihxisl studies the “Jargs eshrie, ” spelled noth a capita! C and 

* Thfl metne Byatem of measureiDeat la lo aU acientifie measurementa 

Tbe luut of len^h u the meter (39 37 inebee), wludi la divided into 100 cenbraetera The 
unit of volume la the liter (1 OS quarts), whicli eontaina 1000 milliliters. The unit of 
weight la tbe gram, which ia tbe weight of 1 miUibter of water at 4° centigrade One liter 
of water weighs one kQogram (2 2 poonda) Remember 

1 meter • 200 eentimetera (an ) •• 2000 millimeters ( mm } 

1 liter — 1000 nuUiUtera or eidne centimeters (cc.) 

1 kilogram •• 1000 grams (Go.) 

1 gram ~ weight of 1 mL of water at 4’ C. 
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eqmvalent to 1000 small calories, is the only one used. It is often 
called a kilocalorie. One of the best examples of a material contam* 
ing chemical energy which can be transformed into heat energy is 
coal When a man buys a ton of coal, he is interested in the amount 
of heat he has bought By burning a sample of coal in a special ap- 
paratus, called a calorimeter, and by utilizing all of the heat gen- 
erated to heat a weighed quantity of water, the number of heat units 
can be determined. In this country, fuel engineers generally use 
instead of the calorie a heat unit known as the British Thermal Unit 
(B.T.U.), and define it as the amount of heat required to raise the 
temperature of one pound of water 1® F. (See Fig. 1, p. 497.) 

Energy Value of Foods: 

As previously mdicated, the energy in foods has a certain calorific 
value as does coal Sometimes, we are bke)y to overlook the fact 
that the foods we eat undergo chemical changes m the body with 
the formation of new hvmg tissues. An outstanding illustration of 
this is shown by the fact that a baby’s weight will ordinarily treble 
m a year’s time Also we are even more hkely to overlook the great 
quantities of heat energy needed to keep the infant's body warm 
and supply it with energy for muscular activity Much attention in 
the last few years has been given to the calorific value of foods as 
well as the influence of one food upon another during digestion. If 
the composition of a food is known, its approximate fuel value can 
be readily and easily determined. From observations of the amount 
of food consumed (dietary studies) it has been calculated that a 
man of average size, not engaged in physical labor, requires per 
day from his food approximately 2500 Calories of energy. Experi- 
ments have shown that one gram of fat taken as a food can produce 
nine Calories of heat, or enough heat to raise the temperature of 
9000 grams of water l^C Fats contain approximately twice as 
much energy as either carbohydrates or proteins, as is shown below. 

'The table on page 10 shows the heat values of some foods As a 
general rule the contents of numerical tables are not to be memo- 


C/nss of Foods 

Calories 

Per Gram \ 

Calones 

Per Pound 

Carbohydrates 

4 ■ 

1815 

Fats 

9 1 

4032 

Proteios 


1825 
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nzed but are to be examined carefully for facte of general interest 
and to be used for reference purposes 

FOOD VALUES 


Food 

Protein 
Per Cent 

1 

Fat 

Per Cent 

Carboky 
dratea 
Per Cent ' 

One 
Serving 
in Grams 

Total 

Calories 

Bread 

91 

16 

63 3 

65 

230 0 

Butter 

10 

85 0 


21 

; 169 0 

Beef (l^n) 

19 0 

13 0 


128 

250 0 

Bacon (smoked) 

10 S 

660 


28 

1 188 6 

Eggs 

13 4 

10 5 


106 

179 0 

Milk 

33 

40 

50 

170 

1 123 6 

h’otato (baked) 

33 

03 

1 22 7 

210 

1 245 0 

Sugar 



100 0 

21 

i 

810 


SELF-TESTING QUESTIONS 

6 With what two factors do chemical chaages dear 

7 Define matter and energy 

8 Name several dctTerent forma of energy 

9 What u potential and kinetic energy'^ 

10 What finally becomes of the energy of motionf 

11 What are the two principal usea of energy produced in the body^ 

12 What IB your explanation of the Law of Conservation of Energy? 

13 Define the unit of heat ene^y in metric terms 

14 Define the unit of heat energy in the British ayatem 


III ELEMENTS AND THEIR OCCURRENCE 
Elements, the Basie Forms of Matter 

In the study of foods and other chemical substances we find that 
all forms of matter are composed of one or more of 92* simple or ele 
mentary substances which are considered as the basic forms of all 
matter Sometimes these elementary substances or elements occur 
in the native or free state (uncombmed) other times in a combined 
state Thus iron sometimes occurs free in nature but it Is found 
much more often m chemical combmation with other elements for 
example with oxygen as the ore called hematite 

Many of the elements such as gold silver iron and copper are 
famihar to us since they exist as solids Ten of the elements are 

•Eleven additional elemenU have been prepared artifiaally at thia wnt ng 
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gases, and two, mercury and bromine, are liquids at ordinary 
temperatures. 

Of all elements, oxygen is the most abundant, but even so it 
escaped discovery imtil 1774, when Priestley, a chemist and min- 
ister, first prepared it by heating the red powder, mercuric oxide. 


Fig. 5— Joseph Priestley. The discoverer 
of oxygen. Courtesy.. "A life of Joseph 
Pneit/ey,” Anne Ho/f (Oxford Press) 




The gas evolved upon heating mercuric 
oxide causes a glowing splint to burst into 
flame and is called oxygen During the 
heating a gray, silvery substance condenses 
on the inside of the test tube (Fig. 6). 
This substance is mercury. 


Fig 6 — Mercuric oxide Is reodJy decomposed by heat How con 
you prove the presence of the elements, mercury and oxygen. In 
mercuric oxide? 


Neither oxygen nor mercury has yet been decomposed into any 
simpler form by ordinary means. For this reason these two sub- 
stances are called elements or elementary substances. 

These simple substances (elements) are the units or “building 
blocks” out of which everything is made. Elements, however, may 
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chlorine, is a poisonous gas, yet the compound formed by the union 
of this element with sodium becomes a most important and valuable 
food material In some cases, however, the most easily observable 
characteristics are the same before and after a chemical change 
For instance, when the white sohd, potassium chlorate, is heated, 
oxygen is evolved, and another white compound, potassium 
chlonde, remains A chemical change, however, has occurred On 
the other hand, when ice is heated, iU most obvious characteristics 
change Still no change m cbenucal composition has taken place 

In the analysis of any sample of sodium chlonde (NaCl) one 
finds that the sodium and chlonne are always present in the same 
proportion by weight In fact, in all salts and m all compounds, 
the elements present are united m a definite proportion by weight, 
i e , the composition of a compound never vanes Any such estab 
hshed facts are called laws of nature, and this great generalization 
IS known as the Law of D^tte Composition, or as the Law of 
Definite Proportion 

Mixtures, Substances of No Fixed Composition 

Elements or compounds may often be muted together without 
undergoing any chemical change and sudi a mixture may have 
its distmct ingredients present in a varymg proportion, as are 
the ingredients m the sod, m the air, m the foods we eat, and m 
many medicinal preparations Even though a mixture may appear 
to be homogeneous (the same throughout), by various methods it 
can always be shown that each component has retained its onginal 
characteristic properties and may be separated by some mechamcal 
means Iron powder, for example, can be separated firom a mixture 
of powdered iron and sulfur by means of a magnet, or the sulfur 
can be dissolved m carbon disulfide, filtered away from the iron 
and recovered when the carbon disulfide evaporates 

The letters, the combmations of letters to make words, and the 
mixtures of separate letters and words to make a vanety of sen 
tences m this book illustrate the distmction made m chemistry 
heiwfiftD eJameJits, ccaBpowTds, axid jxurtvres 

Pharmacology Correlation 

The importance of chemistry to Matena Medica is apparent 
when one consults the following partial list of the more important 
elements with some of their compounds. Note specifically the 
medicinal uses of these compounds and their action 
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SOME IM(>ORTANT ELEMENTS, THEIR COMPOUNDS AND USES 

Element Compound of Some Medicinal Uses 
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SOME IMPORTANT ELEMENTS, THEfR COMPOUNDS AND USES 

(Continued) 


EUmenl 

Compound af 

Some Medicinal Uses 

Iron 1 

Iron chloride 

Hematinjc as in cases of anenua Astrin 
gent 

Lead 

Lea.d acetate 

Astringent Contracts tissues in ulcers 
and woimda 

Mas^nesium j 

1 

! 

Magnesium citrate 
Magnesium hydrox 
ide {milk of mag 
neaia) 

Magnesium aulfate 
(Epsom ealt) 

Purgative 

Cathartic, neutralizes acidity of the 
stomach 

Purgative Allays mdammations 

Mercury ' 

Mercuric chloride 
(bichlonde of mcr 
eiiry) 

Mercurous chlonde 
(calomel) 

Mercuric salicyJate 

Local antiseptic 

Cathartic 

Intramuscular lojectJon in syphilis 

Nitro^eu 

Nitrous oxide 
(laughmg gas) 
Ainmoaia water 

Anesthetic 

Cleanser, heart stimulant 

Oxygen 

1 


Used in resuscitation in anoxia, and in 
basal metabolism 

Phosphorus i 

Sodium phosphate 

1 Saline purgative Reduces accumulation 
of fiuid in the tissues, as in edema 

PotasAium ' 

Potassium acetate 
Potassium pennan 

1 Diuretic 

1 Antiseptic for wounds 


Potassium sodium 
tartrate 

Salme purgative 

Radium 

Radium bromide 

Treatment for cancer 

Silver 

Silvernitrate 

' Antis^tic to contract mucous mem 
branes of eye, to cauterize, and for 
' nose and throat indammstions 

Sodium 

Sulfur 

Sodium bicarbonate 
(baking soda) 

1 Aadosia treatment 

i Used m omtments for skin diseases. 
May be used as a laxative 

Zinc 

Zmc oxide 

ZiQc stearate 

Zinc sulfate 

Astringent 

Dusting powder (irritating if inhaled) 
Produces vomitiag 
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SELF>TEST1N6 QUESTIONS 

18 How many elements are there? 

19 Define a compound, and give several example 

20 What ts the Law of Definite Composition? Explain it 

21 How does a mixture differ from a compound? 

SUGGESTED ACTIVITIES 

I Thought Pbovoiung Questions 

1 Besides a change m composition what is another evidence of 

chemical change'^ 

2 When a candle bums is the matter being destroyed? Explain 

3 Name several elements found m the body ond state why they are 

important 

4 By what ways can you distinguish between a compound and a 

mixture'’ 

5 Do the followmg produce physical or chemical changes Dressing, 

breathing, eating, melting butter, sounng of milk, decay of 
leaves, freezing of water, the formation of the crust on bread 
dunng baking, bandaging a wound? 

6 Give five examples of chemical changes 

7 In which of the throe groups — elements, compounds or mixtures— 

does each of the followmg belong aluminum, milk soap, nver 
water, ice cream face powder’ 

8 Why are we more familiar with iron than with silicon when silicon 

IS much more abundant’ 

9 Calculate the approximate weight of iron m your body 

10 Are most of the changes that occur m cooking, physical or chemical? 

11 What charactensticB differentiate the element from the compound? 

12 Make a list of correlations between Chemistry and other nursing 

subjects, and give examples 

II VocABULABT Testing of New Terms 

The chemical words used in this and the following chapters are espe 
cially important to understand because you wiU be usmg them re 
peatedlym expressing your thoughts as you think m terms of chemistry 
chemical change kinetic energy metal 

chemical analysis chemical energy nonmetal 

chemical eynthesis conservation of energy compound 

matter calorie defimte composition 

energy calonmeter mixture 

potential energy element 

III Topics fob Oral or Written Reports 

1 Phlogiston Theory 

2 Philosopher s Stone 




18 


/norgontc Chemisfry 


3 Discovery of Elements 

4 Meaning of Names of Elements 

5 The Calorific Value of Poods 

6 Energy Requirements of the Body 

7 Percentage of Elements in the Human Body 

LABORATORY CHEMISTRY 

Laboratory exerciaea for this chapter will be found on pages 640 642 
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ATOMS, MOLECULES, AND THE ELECTRON THEORY 


CHAPTER OUTLINE 


I Atomic Theokt 

(a) Molecules 

(b) Atozos 

(c) The atomic theory 

(d) Atoauc weight 

(e) Symbols 

(f) Formulas 

II Electbom Tbeokt 

(a) Structure of atoms 

(b) Picturing the atom 

(c) Isotopes 

III Valence 

(a) Meazung of valence 


(b) Metals and sonmetals, chem* 

ical activity 

(c) Valence of radicals 

IV Fobmula WBITlNa 

(a) Using valence to make 

formulas 

(b) Structural formulas 

(c) Practice in formula writing 

V Ec^uation WnrnNO 

(a) Meaning of equations 

(b) Balancing a chemical equaUon 

(c) Practice in equation wntiog 


*. ATOMIC THEORY 

Molecules/ the Physical or Sfructurol Units of Matter: 

We know that most substances, iron, for example, expand when 
heated and contract when cooled, but that the weight of the sub* 
stance does not change even though its volume has altered. Again, 
if we make a mixture of 50 ml of alcohol and 50 ml of water, we 
wUl have less than 100 ml. of the solution (Fig. 1). This smaller 


50 + 50 does not always 100 






99 +jr2l. 

- 

50 ml 

— 

50ml 




Fig 1 — ^The mixture wiU not total 100 mi 
because of intermoleculor displacement 

Will this be true for all liquid mixtures^ ^ 




b 6 



WATER ALCOHOL AHD 
WATEK 
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combined volume is explained by saying that some of the particles 
of alcohol occupy spaces between particles of water, a condition 
which may be compared with the fact that one bushel of potatoes 
and one bushel of wheat, when mixed, do not fill a two bushel 
measure From these and sumlar observations we may conclude 
&at there are spaces between the particles of substances, not only 
between the particles of compounds, but also between the particles 
of elements In the case of the element iron, the expansion in vol 
ume, due to the nse m temperature, means that the spaces between 
the particles of the iron have mcreased m size 'These particles are 
m motion at all times and thus occupy a larger space when heated 
The smdUesl of these conceivable particles of matter (either elements 
or compounds) that can exist, tohe part in chemical reactions, and 
still be recognised as the original substances are called "molecules ” 
Molecules of the same particular substance are supposed to be 
alike m every respect 

From the foregomg statements it is evident that molecules are 
invisible particles which make up matter, and that the properties 
of matter are in reahty the preppies of the aggregate molecules 

Atoms, the Chemicol or Basic Structurol Units of Elements 

Imagine that a smgle molecule of water (HjO) is further divided 
No longer will we have a molecule of water with all of its character 
istic properties, but mstead particles of hydrogen and oxygen from 
which the water molecule is constructed These particles are 
atoms Atoms rarely exist smgly, but are almost always found m 
chemical combination with one another to form molecules Mol 
ecules are sometimes the same particles as atoms e g , atoms of 



f g 2— Difference Between a Goteout Element and a Compound How does the 
compos t on of a molecule of a goseout efernent d ffer from that of a compound? 
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iron are identical with molecules of iron Hence the iron molecule 
IS monatomic 

Most metallic elements are like iron in that their molecules con- 
sist of but one atom On the other hand, some of the active non- 
metaliic elements, as oxygen and hydrogen, contain two atoms m 
each molecule, while other nonmetals, Uke phosphorus and arsenic, 
have even more atoms per molecule Compounds like water (H 2 O) , 
which are made up of different kmds of atoms, are also referred to 
as molecules Hence there are elementary molecules, for example 
O 2 , and compound molecules, for example H 2 O (Fig 2) Molecules 
usually are larger than atoms and are composed of atoms 77ie 
smallest ordinarily* indmsihle part of an element is an atom 

All atoms of the same element are alike m their chemical proper- 
ties When chemical changes occur between elements or compounds, 
it IS between the atoms whidi constitute the reacting molecules 
The properties of the resulting molecules are due to the separating, 
the rearranging, and the recombuung of the atoms The change is 
comparable to the tearing down of a building, separating the 
materials, and rearranging and combmmg these matenals to form 
a new building with entirely new properties 

As has been stated, each molecule of an active gaseous element is 
made up of at least two atoms held together m chemical combina 
tion In the case of compoimds, as water, H 2 O, two hydrogen 
atoms and one oxygen atom unite to form a molecule, and any 
amoimt of water is simply a collection of a definite number of these 
water molecules 

The Atomic Theory: 

In order to explam certam observed facts about chemical re 
actions, John Dalton, an Englishman, about 1807 formulated an 
atomic theory Hus theory has never been replaced by a better 
one, but certam changes have been found necessary to keep it up 
to date Some of these modifications m the theory will be discussed 
later In brief, the original Dalton’s atomic theory proposed 

1 Chemical elements are made up of indivisible particles of 
matter called atoms 

2 All atoms of a given element are alike in physical and chemical 
properties 

* It should be stated that certain substances called radioactive elements decompose 
spontaneously into other elements and that also by means of the cyclotron and other 
special machines nuclear changes ut aiotna can be brought about The dream of the 
alchemists that is artificial transmutatnm of the elements has at long last been realized 
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3. Atoms combine chemically in small whole-number ratios to 
form molecules. 

Dalton’s atomic theory has served as a cornerstone in the 
development of chemistry. 

Atomic Weights: 

Atoms are so small that it is obviously impossible to weigh them 
individually. However, it is possible to weigh groups of atoms, 
each group containing the same numlMr, and in this way to deter- 
mine the relative weights of atoms in terms of a suitable reference 
standard. A carbon atom is taken as the standard for comparison, 
and assigned the value of exactly 12.000. This then makes the 
hydrogen atom, the lightest of all atoms, have a relative weight 
slightly greater than unity (1.00797). Scientists only recently 
changed over to carbon-12 (C‘*) as the reference standard The 
C'* atom is the most abundant isotope of carbon (see page 27), 
The new atomic weight values, ba^d on C'*, differ very little 
from those previously based on oxygen as exactly 16 000, since the 
two scales differ by only 37 parts in one million. On the new scale 
the atomic weight of oxygen becomes 16.9994. By making this 
change both, chemists and physicists now have identical atomic 
weight scales 

Notice that the atomic weight of any element is the number 
which expresses the ratio of the weight of an atom of that element 
to one-twelfth the weight of the reference carbon atom. Atomic 
weights are relative weights. For example, the helium atom is 


SOME IMPORTANT ELEMENTS, THEIR SYMBOLS AND ATOMIC WEIGHTS 
BASED ON CARBON— 12 


Element 

Symbol 

Atomic Wt 

Element 

Symbol 

Atomic Wt 

Alummutn 

A1 

26 9815 

Magnesium 

Mg 

24 312 

Bismuth 

Bi 

208 980 

Mercury 

Hg 

200 59 

Bromine 

Br 

79 909 

Nitrogen 

N 

14 0067 

Calcium 

Ca 

40 08 

Oxygen . 

O 

159994 

Chlorine 

Cl 

35.458 

Phosphorus 

P 

30 9738 

Copper 

Cu 

63 54 

Potassium 

K 

39 102 

Hydrogen . 

H 

1 00797 

Silver 

Ag 

107 870 

Iodine 

I 

1Z6 904 

Sodium 

Na 

22 9898 

Iron , . , . 

Fe 

65 847 

Sulfur 

s 

32 064 

Lead 

Pb 

207 19 

Tm 

Sn 

118 69 
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approximately one-third as heavy as the reference carbon atom, 
and hence the atomic weight of helium is about 4. 

Atomic weights of some of the more common and important ele- 
ments are given in the table (p. 22). For the usual calculations 
requiring atomic weights it is permissible to approximate the values 
to tile first place after the dedroal. 

Symbols^ Abbreviations for Elements: 

Instead of writing out the names of elements it is often more con- 
venient to use abbreviations. These abbreviations, called symbols, 
are usually the fimt letter or letters of the names of the elements, 
as H for hydrogen, 0 for oxygen, C for carbon, Ca for calcium, etc. 
To indicate more than one atom of the same kind write the proper 
figure in front of the symbol; thus 3 H represents three atoms of 
hydrogen. If, however, the atoms referred to form part of a mole- 
cule, then the number is written as a subscript, e.g., Hg represents 
a molecule of hydrogen made of two atoms, and 2 Hs represents 
two such molecules. All chemically active gaseous elements, when 
occurring alone, should be written to indicate their molecular con- 
dition, e.g., Hg for hydrogen, and Clg for chlorine. 

Ihe symbol should also be remembered as representing not only 
an atom of the element, but also a definite weight, which, when 
expressed in grams, is called the "gram-atomic weight” of the ele- 
ment. For example, the hydrogen atom weighs 1.00797, and the 
oxygen atom weighs 15.9994. The symbol H then means 1.00797 
grams of hydrogen, and the symbol O means 15.9994 grams of 
oxygen. Refer to page 631 for the names of the elements, their 
symbols, valences, and atomic weights. 

Formulas; Abbreviations for Compounds: 

By the use of symbols we may represent the composition of a 
compound by indicating the number and the variety of atoms that 
make up its molecules, e. g., HgO represents one molecule of the 
compound, water, composed of two atoms of hydrogen and one of 
oxygen. Such an arrangement of symbols in representing a mole- 
cule is called the formula of that compound. In addition to telling 
at a glance what kind of atoms, and how many of them make up a 
molecule of a compound, the formula frequently informs tis of the 
nature of the compound, and how it will be expected to behave. For 
instance, all acids are hydrogen compounds and the formula HCI 
not only shows the composition of the molecule, but eilso in this case 
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SOME IMPORTANT FORMULAS 


Hydrochloric acid 1 

|HCI 

Calcium hydroxide 

Ca(OH)s 

Hydrogen chlonde 1 

Sodium hydroxide 

NaOH 

Sulfunc acid 1 

>H»S04 

Magnesium sulfate 

MgSOi 

Hydrogen eulfate 1 

Mercunc cblonde 

HgCla 

Carbonic acid I 

>HaCO» 

Potassium iodide 

KI 

Hydrogen carbonate 1 

Potassium nitrate 

KNOs 

Phosphoric acid 1 

^HaPOi 

Sodium bicarbonate 

NaHCOa 

Hydrogen phosphate 1 

Sodium carbonate 

NajCOs 

Nitnc acid 1 

>HNOj 

Sodium chloride 

NaCl 

Hydrogen nitrate J 

Silver mtrate 

AgNOs 


suggests the additional facta that xt is an acid, will taste sour, and 
will show other characteristic properties of an acid A formula also 
stands for a molecule of an element For example, the formula for 
oxygen is Oj, showing that the oxygen molecule contains two atoms 
of oxygen 

A formula can also be used to represent a definite weight of a 
compound which, if expressed in grams, becomes the gram formula 
weight For example the gram formula weight of water (HsO) 
IS 18 01534 grams For most uses the value 18 0 is sufficient 

SELF-TESTING QUESTIONS 

1 Define and give an example of a molecule 

2 What is an atom? 

3 How may the composition of a molecule of a metal differ from that of 

a nonmetal? 

4 What IS meant by atomic weight’ 

5 Define and give an example of a symbol 

6 What information does a formula convey'’ 

II, ELECTRON THEORY 

During this present century there has been developed a theory 
called the electron theory, which explains the structure of the atom 
from an electrical standpoint This new theory does not m any 
way ovei^hrow former ideas as to the chemical union of atoms It 
merely adds to older Ideas, and clarifies what takes place m a 
chemical change 

Structure of Atoms* 

Accordmg to the electron theory, the atom of every element 
(except ordinary hydrogen) is composed of positive electrical units 
called protons, negative electncal particles called electrons, and 
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neutral particles called neutrons In any atom the number of 
electrons is equal to the number of protons, that is to say, under 
ordinary conditions the atom is electrically neutral An electron is a 
very hght particle, about 1/1845 of the weight of a hydrogen atom, 
the lightest of all atoms In fact, the mass of the electron is so 
nearly zero that usually it is not considered m determmmg the 
total mass of an atom On the other hand, the proton is heavier, 
and IS approximately the mass of the hydrogen atom Research 
has also shown the presence of a third kmd of particle m the atoms 
of all elements excepting hydrogen This third particle, called the 
neutron, is electrically neutral and has a mass nearly the same as the 
proton StiU other particles formed durmg “smashing” of atoms 
have been identified, but, for our purposes, discussion will be 
hmited to the proton, electron, and neutron Of these three differ 
ent kmds of particles the free protons and the neutrons of an atom 
exist as a small dense mass m the nucleus, while the hght electrons 
are far distant outside the nucleus, and revolve around the nucleus 
in various orbits much as the nine planets revolve around the sun 

Along with these discoveries there has been found a way to 
express the electrical charge of the nucleus of each of the various 
kmds of atoms This electrical chai^ is called the atomic number 
and corresponds to the number of free protons ( + charges) in the 
nucleus or to the number of electrons (— charges) in the shells 
around the nucleus 

Picturing the Atom' 

By means of the atomic number luid the atomic weight (page 631) 
for each atom it now is possible to formulate some kmd of a picture 
showmg the differences m the structures of the vanoua kmds 
of atoms 

Hydrogen the lightest of all elements, has the simplest atomic 
structure smce its atomic number is 1 The ordinary hydrogen 
atom contains just one proton and one electron (Fig 3) There 
can be no neutron in its nucleus because the atomic weight of one 
agrees so closely with the weight of a proton 

The next simplest atom is hehum with an atomic number of 2, 
and an atomic weight of 4 This atom, therefore, must contam two 
protons and two neutrons (symbol n) m its nucleus, and two 
electrons revolvmg outside of the nucleus (Fig 4) This completes 
the number of electrons possible m the firat shell or energy level 
outside the nucleus of any atom 

The hthium atom with an atomic number of 3, and an atomic 
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HydrogenIHl 



Pg 3— Hyd ogen olom 
show ng one elect on ro 
tot ng around one p oton 


HellumlHe) 



F g 4— Hei um on Tnac 
t ve etement tfnce (is sheff 
h complete 


Lithium (LO 



13 6 94| 


Fg 5— -tllh um on octve 
element eonto n ng one 
electron In Us outer shell 


weight of approximately 7, contama three protons and four neu 
trons m its nucleus and three electrons revolving outside the 
nucleus but smce not more than two electrons can revolve m the 
first shell the third electron revolves in a second shell at still a 
greater distance from the nucleus (Fig 6) This second shell being 
larger, can hold as many as eight electrons before it is complete 
as may be noted by studying the structures of the seven elements 
(Pigs 6 to 12) 


Beryllium (Bel Boron (Bl 



Nitrogen (N) Oxygen (O) Fluorine (F) 



Fg 9 Tg 10 Fg 11 


Tha obov's d agrernt iihftrate th« eoneepton of tho strvehrro of tho otomt 
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Additional protons, with a corresponding increase in electrons, 
and an increase in neutrons, form combinations to give still heavier 
atoms With successive elements the third shell builds up to eight 
electrons before a fourth shell is started However, eventually with 
heavier atoms, the third shell builds to a maximum of eighteen 
electrons The fourth shell may become stabilized with the number 


Fig 12 — Neon on Inactive element with its etedrontc shell 
complete 


Neon (Ne) 



10 20(631 


8, 18, or 32, dependmg upon the mass of the atom The element 
radium with its atomic number of 88 divides its electrons into 
consecutive shells as follows 2, 8, 18, 32, 18, 8, 2 

Isotopes, Atoms of on Element Differing in Atomic Weight: 

The mass of the electron is negligible when compared with the 
mass of the proton or the neutron Since the mass of an atom 
depends almost entirely upon the number of nuclear protons and 
neutrons, each having essentially unit mass, it would seem that 
the atomic weight of any element should be a whole number A 
glance, however, at the table of atomic weights shows that most 
atomic weights cannot be expressed by whole numbers Lithium 
for example (Fig 13) with an atomic weight of 6 940 has two 
kinds of atoms Both have an atomic number of 3, but one kmd 
of atom has a mass of 6 (3 protons plus 3 neutrons), while the 
other kmd has a mass of 7 (3 protons plus 4 neutrons) Ordinary 
lithium has both kmds of atoms, and consequently the atomic 
weight 6 940 represents a weighted average of the two different 


Lithium (Lll Lithium (LI) 



l3 7| \3 d 


FIp 13 — The Iwo Ijoiopej of IiJWwji. 
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kinds of lithium atoms as they occur in natural lithium • They 
difier only m the number of neubrona m the nucleus, and since both 
kinds of atoms have the same atomic number they are alike chemi- 
cally These different forms of atoms of the same element, alike 
in most every respect except mass, are called isotopes 

SELF-TESTING QUESTIONS 

7 What 13 the composition of an atom'* 

8 How can you distuigutsb between a proton an electron and a neutron^ 

9 How are the protons and electrona grouped in an atom? The neutrons'* 

10 What 13 the atomic number of an atom^ 

11 What are isotopes'* 


111. VALENCE 

Meaning of Valence; 

A study of the formulas of the foUowmg compounds 

HCI H2O NHs CHi 

Hydregvn Wei*t Ammenta Methen* 

iiiloild* 

reveals the fact that different kinds of atoms are able to bold 
different numbers of hydrogen atoms in combmation Recall that 
each hydrogen atom contains one electron in its shell The number 
of hydrogen atoms that will combine with (or replace) one atom of a 
given element is called the valence of that element Thus, in the 
previous formulas, chlorine (Cl) has a valence of one, oxygen (0) a 
valence of two, nitrogen (N) of three, and carbon (C) of four With 
the xmderstanding of the established valence (combmmg power) of 
chlonne (1), of oxygen (2), nitrogen (3), and carbon (4) it la not 
difficult to reason that the valence of Fe in FeCU la three, of Ca m 
CaO IS two, of nitrogen in N2O3 is three, and of Si m SiC is four 

A theory has been worked out which explains valence m terms of 
the electrons in the outer diell of the atom In brief, the theory 
proposes (a) The valence of an element is equal to the number of 
electrons which an atom of that element must lose, gam, or share m 
order to realize a stable outer shell of electrons (6) When atoms 
attam stability by loss or gam of electrons they become charged 
particles, called 10ns The ions are then held together by electncal 
forces The structure which results is an ionic compound, and the 
type of valence is called electrovalence, or ionic hording (c) Some 
atoms m their reactions gam stabibty for the outer shell by a 

*In Figs 3 through 12 the atonuc weights given are for the elements in their natural 
ocmrrence and hence zoay express mixtures of isotopes. 
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process of sharing electrons This results m a type of valence or 
combining capacity termed covalence, and the compoimd which is 
produced is a molecular compound 
To illustrate the theory for formation of ionic compounds sodium 
chloride (salt) will serve as an example The sodium atom has two 
electrons in its first shell, eight in its second shell, but only one in its 
third and outer shell (Fig 14) The sodium atom may thus attain 
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a stable outer shell by losing the one outer electron Chlorine, on the 
other hand has seven electrons m its outer shell, so that if it should 
gam one electron, it would have a stable outer shell of eight In 
sodium chloride, the sodium atom has given its electron to the 
chlorine atom so that both now have stable outer shells, and the 
resulting positive electric charge on the sodium atom, now called 
the sodium ion, and the negative electric charge on the chlorine 
atom, now called the chlonde ion, bmd the two together When an 
atom has few electrons m its outer shell, it will tend to lose these 
electrons and is said to have a positive valence Sodium, for exam 
pie, has a positive valence of one When an atom hke chlorine has 
an almost complete outer shell, it will tend to gam electrons, and it 
18 then said to have a negative valence This type of valence, called 
electrovalence, whi<di is due to actual loss and gam of electrons, is 
typical of many of the salts and metal oxides 

As already stated, certam atoms in their reactions may gam 
stabihty by the shanng of electrons Ihe chlorme molecule (CI 2 ) is 
of this nature Each chlorine atom has seven outer shell (v^ence) 
electrons In the structure for the chlorine molecule (Fig 15), 
notice that two of the outer shell electrons are placed between the 
nuclei in such a manner that they are assoaated with both nuclei 
and as a consequence each chlorme atom in this structure has the 
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stable number of eight electrons in its outermost shell Notice that 
this has become possible by the sharing of two electrons, each atom 
contnbutmg one for this purpose, hence these two electrons are the 
common property of both atoms Since no electrons have been lost 
or gained by the chlorine atoms in arriving at the structure of the 
chlorine molecule, there are no ions present Chlorine molecules are 
true molecular structures The type of valence which arises from 
the sharing of electrons is t»valen<» 


Pg, 1 5— ^hlor ne Molecule Covalence Each 
oh3m shores on eleclron Could moleculot of same 
elements contain more then two otoms^ 

Many compounds are molecular m character This includes not 
only numerous inorgamc compounds, but also practically all 
organic compounds The covalent type of bonding will be discussed 
later m more detail 

In summary, the foUowmg statements about the two types oi 
valence are presented 

For ionic compounds 

(a) When stability of structure is attained by the loss and 
gam of electrons on the part of reactmg atoms lomc 
compounds are produced 

(b) The ion is a charged partide which has resulted from an 
atom gaming or losmg one or more electrons m reacting 

(c) The buildmg units m the lomc type of compound are ions 
In most cases ionic compounds are solid salts and metal 
omdes m which the ions have a defimte geometrical pattern 
of arrangement 

(d) The valence of an clement which forms ionic compounds 
IS equal to the number of electrons lost or gamed by an 
atom of the element Positive valence numbers are due to 
loss of electrons, and negative valence numbers are the 
result of a gam of electrons Such valence, a characteristic 
of all lomc compounds is electrovalence 

For molecular compounds 

(a) In molecular compounds, stability of structure has been 
attamed by the sharing of electrons on the part of the 
atoms mvolved 
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(b) In molecular compounds the molecule itself becomes the 
structural umt Thus a given quantity of water is a 
collection of water molecules 

(c) The valence of an element in a molecular compound is 
equal to the number of electrons which an atom of the 
element provides for sharing purposes Often the valence 
numbers m molecular compounds are not represented by 
plus or mmua masmuch as no ions are present This type 
of valence, which is characteristic of the atoms m true 
molecules, is covalence 


Mefafs and Nonmetals; Chemical Activity. 

Elements hke sodium and calcium, which readily lose electrons, 
are generally solids, have a metalUc luster, and are good conductors 
of heat and electricity On the other hand, a number of the ele 
ments readily pick up electrons and do not have these physical 
properties 

The electron theory provides another way of classifymg elements 
into metals and nomnetals The metals are those elements that 
lose or tend to lose electrons m reactmg and hence become electro 
positive, while the nonoietals are the elements which gam or tend 
to gam electrons and become electronegative Certam elements 
have no pronounced tendency to gam or to lose electrons, and may 
behave either as nonmetals or metals, dependmg upon conditions 
of reaction These are frequently called amphoteric elements 
Those elements whose atoms tend to share electrons m reactmg are 
usually viewed as nonmetals because the various atoms mvolved 
m the structure of the molecule become associated with a greater 
number of electrons 

Certam atoms m some cases may find it possible to lose only a 
part of the number of electrons which should be lost for ideal 
stabihty Others may find that not all electrons needed for stabiUty 
can be acquired, because of oinditions of reaction In such cases 
variable valence will be the result, however, every element has one 
valence that usually predommates Copper, for example, has two 
valences, namely one and two, its valence of two is the more 
important 

Those elements whose atoms already have completed outer shells 
are mactive chemically, they cannot gam, lose or share electrons 
Thus hehum and neon (Figs 4 and 12) with completed outer shells 
are chemically mert and form no stable compounds 
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Valence of Radicals: 

Frequently in life, groups of people cling together and act as a 
unit or part of a larger unit. So, in chemistry, associations com- 
posed of groups of atoms cling together, act as a unit, and have a 
definite valence. These groups of atoms are called radicals and have 
special names. For esample, in the formula H2SO4, the one unit 
(SO4), called the sulfate radical, is combined with two atoms of 
hydrogen, and the valence is therefore two, or it is said to be diva- 
lent. If more than one of the radicals is used in making a formula, 
then the radical must be placed in parentheses and a subscript 
added, the subscript indicating that all of the atoms within the 
parentheses are to be taken a specified number of times. Thus, in 
the formula A 1 s(S 04 ) 3 , three sulfate radicals are combined ivith two 
aluminum atoms, A radical is not a definite compound any more 
than the group of letters ”ing’' in "reducing” is a definite word; 
nevertheless, these groups of elements are essential in forming 
some compounds. Furthermore, in reactions in solutions, these 
radicals of the compounds usually remain unchanged as they move 
from one compound to another 


VAieNCES OF SOME COMMON ELEMENTS AND RADICALS 


Element or 
Radical 

Symbol ' 

Volence 

EUmfnt or 
Radical 

Symbol 

Valence 

Hydrogen . 

H 

+1 

Tm 



Sodium 

Na ' 

+1 

Stannous 

Sn 

+2 

Potassium 

K 

+1 

Stannic 

Sn 

+4 

Silver 

Ag 

+1 

Aluminum 

A 1 

+3 

Barium 

Ba 

-i-2 

Bismuth 

Bi 

+3 

Magnesium 

Mg 

+2 

Ammonium 

NH« 

+1 

Calcium 

Ca 

+2 

Cbfonne 

Cl 

-1 

Zinc 

Zn 

+2 

Bromine 

Br 

-1 

Lead 

Pb 

+2 

Iodine 

1 1 

-1 

Copper 



Oxygen 

0 

-2 

Cuprous 

Cu 

+1 

Sulfur 

1 s 

- 2 , + 4 , +6 

Cupnc 

Cu 

+2 

Ph<wphorus 

P 

- 3 . + 3 , +5 

Mercury 



Nitrogen 

, N 

- 3 , +3 to - 1-5 

Mercurous 

Hg 

+1 

Carbon 

C 

-4 

Mercuric 

Hg 

' +2 

Hydro^l 

OH 

-1 

Iron 



Nitrate 

NOs 

-1 

Ferrous . 

Fe 

i +2 

Bicarbonate 

HCO3 

-1 

Feme 

Fe 

- 1-3 

Sulfate. 

SO4 

-2 




Carbonate 

CO3 

-2 

1 



Pboaphate 

PO4 

-3 
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The names, formulas, and valences of some of the more common 
elements and radicals are listed on p 32 

SELF-TESTING QUESTIONS 

12 What IS meant by valence? 

13 What deteimmes whether an element has a positive or a negative 
valence‘s 

14 What are the two kinds of valence and to what is each due’ 

15 How does an ionic compound differ from a molecular compound’ 

16 What determines the activity of an element’ 

17 What IS meant by a radical’ 

18 When the outer shell a complete is the element ordinarily active? 

IV. FORMULA WRITING 
Using Valence to Make Formulas. 

Sometimes it is necessary to make formulas for the compounds 
with which we are working With an understandmg of the meaning 
of valence and knowing the valences of elements and radicals, it is 
not difficult to write the formulas of most compoimds It should be 
kept m mind that the sum total of the valences of the positive 
elements or radicals must equal the sum of the valences of the 
negative elements or radicals m any compound 

Suppose that you wish to write the formula of calcium chloride 
Then follow this procedure 

1 Write the symbols for the atoms m the compound, the positive 
acting atom being written to the left CaCl 

2 Mark the valences of the atoms above and to the nght of their 
symbols (When the compound is lomc, we generally do this by 
usmg as many plus or ramus marks as equals the valence of the 
element or radical m the reaction and we use the sign that corre 
spends to the charge carried by the elements or radical m the 
particular reaction ) Ca++CI 

3 Find the least common multiple of the valences of the atoms 
or radicals (two m this example) 

4 Divide the least common multiple by the valences of the two 
different atoms or radicals and use the numbers obtained as sub 
scripts to indicate the ratio between the number of atoms m the 
compound 

(2 — 2 = 1) (2—7=2) 

givmg CaClj 

When the subscript is one (1), it is omitted and so whenever no 
subscript appears, it is understood to be one 
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Notice that the number of atoms used is such as to give an equal 
number of poaibve and negative valences 

The same method is used m makmg formulas with radicals, but 
a parenthesis is necessary when the compound radical is present 

more than once 

(6-2 = 3) (6 -s- 3 = 2) 

CO3(P04)2 VoIene»$ 

An easy rule of thumb procedure for writing 
formulas is to “crisa cross” valence numbers where 
odd and even valences are concerned 

Sometimes an element may have more than one valence, that is, 
have a certain valence m one compound and a different valence m 
another Whenever an element has two or more valences, the higher 
valences are usually represented by ”ic” and the lower by “ous” m 
the names of its compounds For example, HgCJs in which mercury 
has a valence of two is mercuric chloride and HgCl, or Hg-iCU, in 
which mercury has a valence of one is mercurous chloride while 
FeCls IS feme chloride and FeCU is ferrous chloride A newer 
practice which is gaming in favor is to wnte mercury (H) chloride, 
mercury (I) chloride, etc , the Roman numeral m the parenthesw 
showing bie valence 

In some instances, such as m the case of HzOs, and Fe304, an 
element may have an unusual or even an apparently fractional 
valence, for reasons we need not consider 
Structural or Graphic Formulos 

Sometimes it is clearer to represent the valence by the use of a 
diort line or a “bond” between the atoms This provides a graphic 
representation of the arrangement of the atoms of elements m the 
molecules of compounds 

A study of the table on page 35 will illustrate structural formula 
wntmg 

Structural formula writing as a method of representmg the 
refatiOD of atoms to each other wiff become more apparent in the 
orgamc and biochemical discussions 
Practice in Formula Writing* 

Makmg correct formulas for substances entering mto a chemical 
change is so important that the chart on page 36 is inserted for prac 
tice Combme each element or radical in the vertical column with 
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Elements 

Valence 

Formula 

Structural 

Formula 

Name of 
Compound 

Hydrogen 

Chlorine 

1 

1 

HCl 

H— C! 

Hydrogen chloride 




H 


Hydrogen 

1 


\ 




HsO 

0 

Water 

Oxygen 

' 2 


/ 





H 




1 

H 


Hydrogen 

1 


/ 




1 NHa 

N—H 1 

Ammonia 

Nitrogen 

3 


\ 





H 1 


i 



H 


Hydrogen ^ 

1 

CH4 

H— C— H 

Methane (marsh gas) 

Carbon 

4 


M 



1 


0 


Carbon 

4 1 


II 




CO, 

C 

Carbon dioxide 

Oxygen 

2 


II 




1 

o 





N=0 


Nitrogen 

3 


\ 




N,0, 

o 

Nitrogen tnoxide 

Oxygen 

2 


/ 





N=0 



each element or radical in the horizontal column Omit the squares 
m which an X appears 

SELF-TESTING QUESTIONS 

19 How can a simple formula of a compound be made by the least common 

multiple method? 

20 When an element has two or more valences how are they represented 

m the names of its compounds^ 

21 What IS meant by a structoral formula? 
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Chlo- 

ride, 

Cl’ 

Ox 

ide, 

a= 

Sut> 

fate, 

SOt- 

Nt 

trate, 

NO,- 

Cai- 

bon 

ate 

COs= 

Ny 

drox 

ide 

OH’ 

Sul 

fide 

S- 

Phos 

phate, 

PO= 

H* 

Hydrogen 

HCl 








Calcium 









Na* 

Sodium 









Al+-^+ 

Aluminum 





X 




NH** 

Ammonium 









Ag* 

Silver 



_ . 



X 




■ 

■ 

■ 


X 


X 



■ 

■ 

■ 



X 



Za** 

Ziac 









Mg** 

Magneaium 










V, EQUATION WRITING 


So far we have used the chemist’s shorthand for wntmg the names 
of elements and compounds Now we should go a step further and 
show how he denotes chemical changes, in a very brief way 

Meaning of Equations* 

With the help of S3TDboIs and formulas we can descnbe any 
chemical reaction by means of an equation An equation, then, is 
simply a shorthand way of eipressmg a chemical reaction The 
symbols and formulas of all materials imdergomg change are placed 
on the left of the arrow, while the products formed are placed on 
the Tight The arrow itself means “ch£mges into," "yields," or 
"forms ” For example, the umon of iron and sulfur is expressed 
thus 

Word equation; Ifon Pli/I Svifur y}*!* iron tulfide 

Equation with symbols and formulas Fe *4' S ^ FeS 
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Balancing a Chemical Equation* 

The mechanical features of simple equation wntmg require two 
steps 

1 Wnte the correct formulas for the reacting substance or sub 
stances and the product or products formed This might be called 
a skeleton equation For example, in writing the equation to show 
what takes place when mercuric oxide is heated, wnte the correct 
formulas as follows 

Mtrcurie oxtd« Mercury Oxygen 

Step 1 (Skeleton equation) HgO *4 1^9+02 

2 Balance the equation by prefixing such coefficients to sub 
stances as will make the same number and kind of atoms on each 
side of the arrow, but under no consideration change a formula to 
make the atoms balance 

Step 2 (Bafonced equation) 2 HgO *4 2 Hg •{* O 2 

In formmg compounds, keep m mmd that the positive element 
or radical of one compound always unites with the negative element 
or radical of the second compound, and that the positive part of a 
compound is written first m the formula Thus m the equation 
Calcium hydroxide + Hydrogen chloride -4 ? 

the positive calaum unites with the negative chlorine and the 
hydrogen umtes with the hydroxide radical Thus we have 

Cakiwm r Hydrogen Cole om , Hydrogen 

hydroxide diforde (Monde hydrox de (woler) 

Step 1 Ca(OH )2 + HCI -4 CaCh + HOH (or H 2 O) 

Step 2 Ca(0H)2 + 2HCI 4 CaCIs + 2 H 2 O 

The gaseous elements must always be mdicated m the molecular 
state, eg , H 2 , O 2 , Ck, N 2 , etc 

4 Na + O 2 4 2Na20 

Before attemptmg to wnte equations it should be pomted out 
that there is no one way of wntmg all chemical equations Every 
one has to learn by practice the easiest way to wnte balanced 
equations for each particular type of reaction Moreover, smce the 
course of a chemical change cannot always be predicted it must be 
understood that the chemical equation is an expression of expert 
mental facts, and as such it cannot be altered 
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Practice in Equation Writing: 

Follow the two rules and find out whether you can wnte the 
correct formulas and balance the equations for the following re- 
actions 

1 Iron + Sulfur -* (use ferrous valenco) 

2 Carbon + Oxygen -• 

3 Phosphorus + Oxygen -• (use phosphorous valence) 

4 Zinc + Hydrogen chloride -> (hydrogen bberated as gas) 

5 Sodium hydroxide + Hydrogen cblonde — ► 

6 Silver nitrate + Sodium cblonde -» 

7 Magnesium hydroxide Hydrogen cblonde -• 

8 Ammomum hydroxide + Hydrogen sulfate 

9 Magnesium chloride +■ Potassium carhonste—- 
10. Calcium hydroxide + Hydrogen carbonste -»■ 

11 Sodium cblonde + Hydrogen sulfate 

12 Feme chloride •)- Sodium hydroxide -> 

13 Aluminum oxide -4- Hydrogen cblonde -*■ 

14 Mereuxoua nitrate + Ammoruum cblonde -• 

15 Sodium sulfide + Mercunc cblonde -• 

16 Calcium hydroxide + Hydrogen phosphate -• 

17 Ferrous mtrate + Ammomum eulfide •• 

IS Zinc carbouate -f Hydrogen phosphate 

19 Copper sulfate + Ammonium hydroxide (use cupnc valence) 

20 Aluminum sulfate 4* Sodium carbonate 

SEIF-TESHNG QUESTJONS 

22 What does an equation show^ 

23 What two steps are followed in writing a chemical equation? 

24 Why must you never change a formula to make atoms balance'^ 

25 How ere active gaseous elements wnttea? 

SUGGESTED ACTIVITIES 

I THouGirr Provoking Questions 

1 When 18 a chemical change completed? 

2 Why are some elements more active than others'' 

3 What part of an atom determines the activity of an element'' 

4 What are the valences of the positive elements m the following 

compounds HgCI, HgCU, Zi£0«, NaiCOs. FejOg, AgNOs. 
MgO, Ca{HCO*)»7 

5 When is a formula wntten without subaenpta? 

6 When do certam elements have a zero valence? 

7 What should be known before a chemical equation is wntten? 

8 When an equation will not balance, wbat should be the first 

thing checked? 

9 Why may coefficients, but not subsenpts be changed while bal 

ancing an equation? 
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10 Which of these equations are unbalanced or incorrectly written’ 

(a) 2n -h 2HC] ZnCla + 2H 

(b) 2KC]Oa ► 2KC1 + 20, 

(c) 2Zn + Oa 2ZnO 

(d) Mg, + Na MgaNa 

(e) CuO + 2H — Cu + HaO 

11 What does the formula of a compound stand for’ 

12 Make a diagram of the calaum atom, considering it to have an 

atomic number of 20 and an atomic weight of 40 

13 How do you account for the fact that the atom of heavy hydrogen 

(deuterium) haa an atomic weight of 2’ 

14 What 13 meant by a ‘ weighted average ’ 

15 Inwhatwayshastheongmal Dalton B atomic theory been modified? 
II VocABUUuiT Testing o? New Tbrbis 

molecule formula valence electrons ampbotene 

atom atomic number valence radical 

atomic weight proton metal structural formula 

symbol electron nonmetal variable valence 

III Topics for Oral or Written Reports 

1 The Electron Theory 

2 Within the Atom — Atomic Structure 

3 Why Formulas and Equations Have Value 

4 The Change to Carbon 12 for Relative Atomic Weights 

LABORATORY CHEMISTRY 

Laboratory exercises for this chapter will be found on pages 644, 646, 648 
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OXYGEN— THE LIFE-SUPPORTING ELEMENT 


CHAPTER 

lUPOBTANCS AND ABUNDANCE 

(a) Importance 

(b) Abundasce 

Pbepa&ation and Pbopzrties. 

(a) Preparation 

(b) Properties 

(c) Oxides 

(d) Oxygenation 

(e) Oxygenating agents 

(f) Combustion 

(g) Ozidabon aod combustion 
(b) Oxidation and reduction from 

the electronic view 
(i) Spontaneous combustion 
0) Another form of oxygen 
(k) Uses of ozone 


OUTLINE 

III FrsEa 

(a) Matches 

(b) Fireproof materials 

(c) Fire extinguishers 

IV Uses of Oxtcev 

(a) Oxygen in nature 

(b) Oxygen in industry 

(c) Oxygen in medical practice 

(d) Air conditioning 

V Phtsiologicai. Cokkelations 
fa) Respiration 

(1) Oxygen in breathing 

(2) Oxygen in medione 

(b) Oxygen requirement 

(c) Symptoms of anoxemia 

(d) Guide for oxygen therapy 



Fig 1 — infant Incubator New techniques in obstetrics and pediatrics hove been 
moior factors in lengthening the fife expectancy of the children bom today In 
what other ways has chemistry contnbuted to on advance in life expectancy? 
Courtesy. New York life Insurance Company 
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I. IMPORTANCE AND ABUNDANCE OF OXYGEN 
Imporfance: 

It is difficult to realize just bow mucb we depend upon the free 
oxygen of the air. Every breath of life consumes some of this gas. 
Man can live without water for a few days and without food for 
weeks, but lack of oxygen, the most fundamental requisite for 
maintenance of life, is fatal within a few minutes. Not an nnimnl 
and scarcely a plant can live without it, and a £re cannot be started 
without it to produce heat and light. Oxygen is the one element 
that is essential in bringing about, through chemical changes, the 
conversion of the chemical energy of foods and tissues into heat and 
mechanical energy, the latter being used in producing body move- 
ment and activity of the organs and tissues. Only a small part of the 
food eaten is used to repair or build tissues. Ihe important place 
of oxygen in the industrial world is discirssed later in this chapter. 

Abundance: 

We live in a vast ocean of air, of which about one-fifth consists of 
free molecular oxygen. In the combined state, oxygen Is even more 
widely distribute. It makes up eight-ninths, by weight, of all the 
waters of the earth, almost one-half of the earth’s crust, two-thirds 
of our bodies, and a large part of all vegetable matter. 


COMPOSITION OF THE ATMOSPHERE (DRY) 


Component 

Percent by Volume 

Formula 

Nitrogen 

7804 

Ns 

Oxygen 

20 93 

Oi 

Argon 

0 94 

At 

Other gases 

004 



Because of its great importance and abundance oxygen is the 
natural element with which to begm the systematic study of typical 
chemical changes of the elements and their more important com- 
poxmds. 

SELP>TESTiNG QUESTIONS 

1. Why IS oxygen considered tfae most important element in our Lves? 

2. Where is oxygen the most abundant in the free state? In the com* 

bined state? 

3 Which element is the most abondant component of the atmosphere^ 
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11. PREPARATION AND PROPERTIES 


Preparation: 

For commercial purposes a dieap and abundant supply of oxygen 
is usually obtained by evaporating the more volatile nitrogen from 
liquefied air. Oxygen may also be obtained, along with hydrogen, 
by decomposing water with electricity. This latter process is 
c^ed electrolysis (Fig. 2) . It is rather difficult to separate absolutely 
pure oxygen from the other gases in the atmosphere; therefore in 
the laboratory it is usually preparwi by liberating it from some of 
its compounds. A convenient and 


Fig, 2— Decompoiing Waf»r, Ehetralym 
of water (H 2 O) forming two volumes of 
hydrogen and one voiuine of oxygen. How 
eon you prove that the collected gases ore 
hydrogen and oxygen? 

obtaining oxygen is to beat potassium chlorate, a compound of 
potassium, chlorine, and oxygen. The chemical change in this case 
is represented as follows: 

2 KCIO 3 2 KCI + 3 02 

Pofaitium Pofuntum Oxygen 

chlorate d>lorIde 

The ending “ate,” as used in the compound “potassium chlorate,” 
signifies a compoxmd composed of thrw elements, of which oxygen 
is one. The ending, “ide,” as in potassium chloride, is used for all 
compounds composed of two elements. 

In the laboratory method of preparation it is customary to mix 
with the potassium chlorate some manganese dioxide. This causes 
the reaction to take place readily at a lower temperature than is 
otherwise possible. 

A material like manganese dioxide, the influence of which either 
hastens or retards the speed of a chemical reaction, without being 
altered itself, is called a catalytic agent or simply a catalyst. In our 
study of many riiemical reacrions catalyzers will demand frequent 
attention. The action of a catalytic agent is comparable to a fore- 
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man of a group of men whose mere presence greatly improves the 
performance of the workers. 

Properties 

Pure oxygen is a colorless, odorl^, tasteless gas, slightly soluble 
in water TTie most noticeable and important chemical property 
of oxygen is its abihty to combine directly with many other elements, 
especially at ki^h temperatures 

Oxides 

Almost all of the elements (metals and nonmetals) combme with 
oxygen to form a large class of compounds which are called oxides 
Also many compounds already containrng oxygen may unite with 
more oxygen, eg , carbon monoxide (CO) to form carbon dioxide 
(CO2), and sulfur dioxide (SO2) to form sulfur tnoxide (SO3) 


OXIDES 


Metallic Oxides 

NonmetaUu Oxides 

Sodium osde 

NaaO 

Carbon dioxide 

CO 3 

CslaiuQ oxide 

CaO 

Cblonne monoxide 

ClsO 

Magnesium oxide 

MgO 

Nitrogen tnoxide 

NaOs 

Bismuth oxide 

BijOs 

PboBphoniB pentoxide 

P*Os 

Cupnc oxide 

CuO 

SulTur dioxide 

SOs 


Some naturally occumng oxides are water (H20), carbon dioxide 
(CO2), sand (SiO"), and hematite (Fe'»03) Notice that an oxide is 
a compound of oxygen with but one other element, and hence it is a 
binary compound The oxides form a highly unportant group of 
compounds, one of the four large classes in inorganic compounds — 
oxides acids, bases, and salts 

Oxygenation 

The actuaf process of a substance omtmg with oxygen is cafiferf 
oxygenation The union may be rapid or slow, and is so slow m 
some instances that it is hardly perceptible that any change is 
takmg place Common examples of this slow oxygenation are the 
rustmgofironm the presence of moisture (Fig 3), the decay of plant 
and animal matter, or the o^genation of food materials in the 
body during respiration (brea^ng) It is by means of this slow 
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oxygenation of foods that the body temperature is kept constant 
and slightly higher than that of the surroundings. The body tissues 
are oxygenated only when worn out and dead, and even then the 
heat produced is negligible. Certain catalytic agents called enzymes 
(en'ams), in both animal and vegetable tissues, permit oxygenation 
at comparatively low temperatures of foods, tissues, and many 
substances foimd in the cells. In fact, it is oxygenation that pro- 
duces the energy for maintaining body temperature, muscular con- 
traction, glandular secretion, and n^ve impulses. Another example 
of oxygenation whidi is of special interest and importance to the 
nurse is the deatruction of certain disease-producing bacteria by 
free oxygen or by compoimds which contain oxygen. 


PiQ. 3— Slow Oxygenation. An Iron pipe de- 
stroyed by rusting or slow oxygenation. How 
con hem be protected from exygenofion? Cour- 
tesy, New Jersey Zinc Co. 



Oxygenating Agents (Oxidants): 

Three medicinal compounds parting with their oxygen readily 
and therefore used as oxygenating agents (oxidizing agents, oxi- 
dants) are the germicides hydrogen peroxide, potassium perman- 
ganate, and sodiiun hypochlorite. Anaerobic bacteria, as tetanxis 
bacilli, cannot live in the presence of free oxjtgen, and consequently 
wounds infected with this kind of bacteria are kept open so that 
these organisms may be oxygenated and killed. 

Combustion: 

When oxygenation takes place rapidly enough to produce light 
as well as beat, the process is called burning or combustion. In a 
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Fig i->-Rapid Oxygcnotien the caut« of Ms Is bslieved to be o gram dust ex- 
plosion Which of the factors determining the rote of oxygenotion is responsible 
for this firef Courtesy, Nohonot Boorcf of fire Underwriters 


broad sense, any energetic chemical combination accompanied by 
light 23 also known as burning or combustion whether oxygen is 
involved or not. Whether oxygenation is rapid or slow, provided 
that the same products are formed, the amount of energy produced 
is the same. Ilie rate at which oxygenation takes place is governed 
by four conditions: (S) the nature of the materials undergoing oxy- 
genation, e^., wood as compared to coal; (2) the temperature of the 
maiaraal osygenaied; Tesp^tifxa, Stxr sssiaace, is mcva rapid 
in warm blooded animals; (3) the concentration of the oxygen which 
surrounds the materials undergoing wygenation; and (4) the extent 
of exposed surface, i.e., the greater the sxirface exposed the more 
rapid is the oxygenation. 

Not only the rate of an oxygenation process, but the rates of all 
chemical reactions in general, are determined by the above four 
factors 
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Oxidation and Combustion: 

The combination of oxygen with an element produces a rise in the 
valence of the element. Thus, when metallic magnesium combines 
withoxygen,itsva]enceisraisedfrom2erototwo(2Mg+02— »2MgO). 
Similarly, the oxygenation of a compound alwajrs implies a rise 
in the valence of one or more of the elements in the compound 
(2 CO -f O 2 -♦ 2 CO 2 ). Now, other elements besides oxygen can 
raise the valence of another element either in the free state or in 
combination. Thus, when sulfur combines with magnesium to form 
magnesium sulfide (Mg + S ^ MgS) the valence of the magnesium 
is raised from zero to positive two. This process in wWch the 
positive valence of an element which is either in the elementary 
state or in a compound is raised, whether through the action of 
oxygen or of some other substance, is known as oxidation. The ele- 
ment or compound on which this <^ange is wrought is then said to 
be oxidized, and the agent which brought about the oxidation is 
known as the oxidizing agent {oxidant). Oxygenation reactions are, 
therefore, oxidation reactions at the same time, but in addition 
there are many oxidation reactions which do not involve oxygen 
and are therefore not oxygenation reactions. 

The reverse process to oxidation is reduction. Reduction is the 
process in which the positive valence of an element is lowered, the 
agent produdng the lowering being known as a reducing agent 
(reductant). In the case above of the combination of sulfur and 
magnesium, the valence of the suliur is lowered irom zero to nega- 
tive two, hence in this case the sulfur is reduced. 

OxidoHon and Reduction from the Electronic View; 

It wall be remembered from the discussion of the electron theory 
that, in some reactions, when combination of substances takes 
place, electrons are transferred from the atoms of some elements to 
the atoms of others. The valence of an element is considered to be 
zero in its free state; if the valence of an element is increased, its 
atoms give up some electrons, while if the valence of an element is 
lowered, its atoms receive some electrons. For example, when 
magnesixim combines with oxygen to form magnesium oxide, each 
magnesium atom transfers two of its electrons to the 03^gen atom 
with which it combines. Similarly, when magnesium and sulfur 
combine, each magnesium atom transfers two of its electrons to the 
sulfur atom with which it combines. The following diagram illus- 
trates the valence changes (transfer of electrons). 
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Atom of Mg Atom of O Ion of Mg Ion of O 



F g £— Chem cal diang« In term« of plonelory elect ons showing the formal on of 
ions through the ox dot on of Mg (lots of electrons) and the reduet on of oxygen 
(go n of eteelrons) 


Oxidation has been defined above as an increase in positive 
valence Now, in view of the electron theory, oxidation of an ele 
ment can be defined as the loss of electrons by the atoms of that 
element Similarly, reduction of an element may now be defined 
as the gaining of electrons by the atoms of that element Since the 
electrons given up by the atoms of one element during a chemical 
reaction are taken up by the atoms of another element, it can be 
understood that oxidation and reduction always occur together 
Thus there is no case of oxidation m which reduction is not also 
present or vice versa Oxidation and reduction always take place 
to an equal degree To summanre 

Oxidation Reduction 

Electrons are lost by substance Electrons are gained by sub 
oxidized stance reduced 

Valence becomes more positive Valence becomes less positive 
or less negative or more negative 

Whenever oxidation reactions occur, heat energy is released On 
the other hand reduction usually requires the addition of outside 
energy For example it is the oxidation of foods m the body that 
releases energy and maintains the body temperature Likewise it 
IS the reduction of* carfion a^ozKfe and water 6y pi’ants to tbrro 
sugar and other carbohydrates that absorbs energy of the sun 
dunng the manufacture of plant foods. From this it is evident that 
with oxidation as our chief source of power and energy, and re 
duction as our chief method of power storage, oxidation and re 
duction reactions become one of the most important types of 
chemical changes 
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Spontaneous Combustion: 

Frequently the heat produced by oxidation cannot escape, par- 
ticularly when the material undergoing oxygenation is a poor con 
ductor of heat. At such time's the temperature of the sub'stance will 
gradually rioe as oxidation progress^ This rise m temperature 
further mcreases the rate of oxidation and soon a temperature is 
reached at which the material bursts into a flame This temperature 
IS called the kindling temperature and the raatenals are said to have 
caught fire by spontaneous combustion Ody rags left by painters, 
slack coal m the clooed hold of a ship, sawdust heap'*, and damp 
fermentmg hay m stacks are materiab which often take fire because 
of spontaneous combustion Nondrying oils such as mineral oils 
do not undergo spontaneous combustion, but they are combustible 

Another Form of Oxygen* 

Frequently durmg hghtnmg disdiarges, or durmg the operation 
of X ray machines, or other electncal apparatus, which produce an 
electrical discharge through air, the oxygen absorbs electncal energy 
and 13 converted mto a form of oxygen called “ozone” (O3), which 
nay be recognized by its peculiar pungent odor In this change 
thr^ volumes of oxygen are changed mto two volumes of ozone 

3 O 2 2 O 3 

Oxysrtn Oten* 

Uses of Ozone* 

Ozone IS an active oxidizmg agent and is very elective as a de 
odonzer and disinfectant, but even though it does remove odors 
and kill germs, it has not been of much practical use m punfymg 
air or water Instead of using ozone for water purification dilorme 
usually IS used, since chlorine is not only more effective but also 
cheaper In our own country ozone has been used to some extent 
m bleaching oils, waxes, flour, and starch Ozone is seldom m high 
enough concentration to kill the bacteria of the air, and along with 
its imtatmg effect on the lungs, is not to be considered as an ef 
fective disinfectant for air in hospitals or rooms Although there 
are only traces of ozone in the air near the earth, because it reacts 
with the ever present water vapor to form hydrogen peroxide 
(HzOs), its presence m larger quantities at higher altitudes is im 
portant smce ozone has the power to absorb some of the ultraviolet 
rays from the sun and thereby prevent these radiant rays from cans 
mg fatal sunburns and blindness However, a small amount of these 
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rays reach anaual hfe and are inslrtauental in preventing the bone 
disease known as "nckets ” Ozone is very similar to oxygen m its 
properties, but it is very mudi more active because of its greater 
energy content Such different forms of the same element, as 
oxygen and ozone, which differ somewhat m their properties but 
chiefly in their energy contoit, are said to be allolropic forms 
Phosphorus, sulfur, and carbon are other elements which have 
allotropic forms 

SEIF-TESTING QUESTIONS 

4 By what two commercial methoda is oxygen obtained? 

5 Define and give one example of electrolyau catalytic agent oxide, 

oxidation combustion enzyme, oxidizing agent apontaneous com 
hustion kindling temperatuie 

6 Name three medicinal oxidizing agents 

7 What IS ozone and what are tls uses? 

III. FIRES 

Since oxygen is associated with burzung, which may be helpful or 
destructive, a bnef discussion of fires and methods for extinguishing 
them IS needed In hospitals, rest homes, and sunilar institutions, 
where many of the patients are bedfast and practically helpless, 
fire prevention measures assume added importance Personnel 
must be adequately trained in prevention of fire, and m procedures 
for combating fire quickly and effectively 

Matches; 

The “strike anywhere” or fnction match tips are often composed 
of phosphorus sulfide, potassium chlorate, and paraffin When the 
match is nibbed over a rough surface, the heat of iinctioD raises the 
phosphorus sulfide to its kuidlmg temperature The potassium 
chlorate or some other oxidizing agent furnishes suffiaent oxygen 
to make the combustion more rapid Enough heat is generated 
to cause first the paraffin and then the wood to burst into a fiame 
and bum Because of fire hazarcfa the strike anywhere match, once 
known as the “parlor match,” has been to some extent replaced by 
the safety match The head of this match contains antimony sulfide, 
a compound that is more difficult to ignite by fnction than phos 
phorus sulfide The antimony sulfide is mixed with a suitable 
oxidizmg agent, and the combination is held together with glue 
One Bide of the match box has been coated with a mixture of 
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powdered glass and red phogiborus, the red pho;^horus being an 
aid m the ignition of the antimony sulfide Such a match is seldom 
igiuted accidentally 

Fireproof Materials: 

When a substance does not combine with oxygen it cannot bum, 
and it IS then said to be “fireproof” Fireproof materials either 
do not combine with oxygen, except at high temperatures, or they 
already are completely oxidized Asbestos and granite are well 
known examples of substances which cannot bum, they are the 
products of combustion formed by nature long ago If clothing, 
wood, or any absorbent material is coated or saturated with certam 
oxides, or other mcombustible compounds, the material then be 
comes fire resistant 

Fire Extinguishers 

Most diemical fire extmguishera contain some hqmd which 
surrounds and often cools the burmng fuel with a noncombustible 
gas A common type of extmguisher uses water and carbon dioxide 
In the soda aad type, the carbon dioxide is generated as follows 

2N0HCO3 + HaSO^ NoaSO^ -f 2HrO + 2CO2 t 

Sod um Svlluri« Sod Water Carbon 

hydregtn odd «v>la(« dexd* 

carbonate 
(bak ng 
toda) 

Ibe water forced out by the carbon dioxide cools and smothers 
the fiame, much as would a wet blanket In the clear water type, 
carbon dioxide m hquid form is contained m a sealed cartridge 
suspended m water Both types, upon mversion of the extmguisher, 
pressurize the contamer and expel the water A more recent type of 
fire extmguisher is essentially a iwrtable steel tank which is 
chsi-g&d jwih carbon ^iosde und&' pressure Vpoa opening 
the valve the hquid carbon dioxide quickly evaporates and escapes 
as a cloud through a funnel shaped nozzle which can be directed 
on the fire (see Fig 6, page 208) 

Liquid fuels, like burmng oil or gasoline which are bghter than 
water, do not mix with it and therefore float on top, and are best 
smothered without the use of water It is for this reason that, m 
addition to the usual types of extmgm^ers, sand or a blanket is 
often kept m chemical laboratories to smother a fire 
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Fig 6— Smothering a Fire Hoipltolt uiually hove one of the obove types of fire 
exfingubhers ovaitobfe fn the corridors for on emergency fire What is the position 
of the extinguisher when In usel Ceurte9> Woffer Xidde il Comjoon/, In; 


Foamite, a highly effective commercial fire extmguisher for use 
on burning oil or gasoline, contains aluminum sulfate in place of 
sulAiric acid, and in addition baa a bconce extract which aids in 
forming a tUch, tough foam filled with carbon dioxide bubbles 
This foam acts as a blanket in excluding the oxygen. The light, 
insoluble solid, aluminum hydroxide, produced according to the 
tbllowing equation, makes the foam more durable' 

Al2(SO0a + 6 NaHCOs -¥ 3 NosSOc + 2 AKOHls 4, + 6 CO 2 t 

It 13 interesting that this reaction is similar to that of an alum 
baking powder. A small portable fire extinguisher suitable for the 
home IS the pyrene fire extinguisher (p 277), which contains 
liquid carbon tetrachlonde. This liquid, when sprayed on a fire, 
volatilizes and surrounds the fame with a noncombustible gas to 
the eidusion of oxygen. 

SELF-TESTING QUESTIONS 

S What matenals are uaed la makuix a “stnke-aaywhere” matcb'^ 

D How does a safety match differ in cotnpositionfroma “atnke anywhere”? 

10. Why la a safety match considered to be safe*^ 

11. When 19 a substance fireproof? 

12. How 19 absorbent material made fireproof? 

13 What IS the principle of the carbon dioxide fire extinguisher? Of the 
Foamite fire extinguisher’ Of the pyrene fire extinguisher’ 



Fig. 7 — Extinguishing Rre with Dry ChemicaL This new type of extinguisher expels 
dry powder to coot over burning moferial. Why would this be effective* Courtesy 
of FyC’Fyfer Company 

IV. USES OF OXYGEN 

Oxygen in Nature: 

Oxygen is an important constituent of the majority of the com- 
povmds in the earth and of the creatures on it. Most forms of ani- 
mal life need oxygen to live. Land animals receive their oxygen 
from the air, while many aquatic animals obtain their oxygen from 
the air dissolved in the water. Tlie oxygen in the air aids in re- 
dudng the refuse organic matter by a process called decay, which 
is further hastened by bacteria. In this way the earth is freed from 
a surface accmnvUation of dead plant and animal products, and in 
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a Bimilar way natural water is freed from pollution It is tte 
oxygen dissolved in water that is so important m the disposal of 
sewage For this reason the sewage is mixed with a large volume of 
water so that large quantities of dissolved oxygen will be available 
for oxidation purposes Although oxygen serves a very useful pur- 
pose m produemg decay, as m the case of dead plants and animals, 
still it IS detrimental to the keeping of foods As a consequence 
various ways are used to prevent this action such as refrigeration, 
cooking, cannmg, salting, drying, feeezmg, and smoking Oxygen, 
too constantly eats away metal surfaces and the rust and corrosion 
that result represent millions of dollars in waste annually 

Oxygen in Industry 

An important industrial use of oxygen is to produce high tempera 
tures, aa in the oxyhydrogen and oxyacetylene flames for weldmg 
metais, making repairs on machinery and cutting iron The oxy 
acetylene flame gives a temperature as high as 3500** C In cuttmg 
iron the oxyacetylene flame heats the iron and then with most of 
the acetylene cut ofl*. the compressed oxygen rapidly bums away 
the iron Cylinders of commercial oxygen for the above purposes 
are familiar objects in automobile service stations In recent years 
the steel mdustry has been using increasing quantities of oxygen 
to operate furnaces 

Oxygen in Medical Practice 

The therapeutic uses of oxygen in impeded respiration (pneu 
moma), in treatment of poisonous vapors as mtnc acid fumes and 
m conjunction with anesthesia are discussed under Physiological 
Correlations (p 55) 

Air Conditioning 

For years ventilation has been the only means of suppl 5 nng us with 
keaithiu} Sir lavsstigstioa bss aWito tbsi tbs isjar/sas eSsets sf 
bad ventilation are not so much due to a low percentage of oxygen 
or an excess of carbon dioxide in tbeoir but rather to high tempera 
tare, an abnormal amount of icater vapor (humidity), and poor cir 
culation of air 

A closed area contaimng many people does not provide adequate 
ventilation There is nothing quite so uncomfortable as the lack of 
ventilation, and for that reason many hospitals dwellinp public 



Oxygen — The Life-Supparting Elemenf 


55 


buildings, and transportation devices such as trains, airplanes, and 
automobiles have established intricate systems to provide proper 
air conditions Air conditiomng is the simultaneous control of (a) 
temp>erature, (b) humidity, and (c) air movement These three 
factors must mamtam a definite relationship to each other m order 
to insure bodily comfort We warm or cool our rooms just enough 
so that the body loses heat at a comfortable rate The body gets 
nd of its surplus heat by radiabon and conduction to the surround- 
ing air, and by evaporatmg moisture at the surface of the body A 
high temperature decreases the rate at which the bodv can lose its 
heat by direct conduction, while a high humidity decreases the rate 
at which moisture can evaporate Low temperature produces op- 
posite effects Evidently then the ill effects of bad ventilation are the 
residt of interference with heat regulation of the body The air move 
ment is necessary to mamtam an adequate supply of fresh air, 
otherwise the body breathes expired air, saturated with moisture 
at body temperature, and consequently very little heat can be 
ehmmated by radiation, conduction, and evaporation When any 
one of these three factors is out of proportion the body becomes 
uncomfortable It is air conditioning which regulates and main- 
tains these proper conditions 

SELF-TESTINO QUESTIONS 

14 How does oxygen punfy the land? 

15 What are the chief industrial uses of oxygen'^ 

16 What is air conditioning? 

17 What factors are considered in air conditioning'' 

V. PHYSIOLOGICAL CORRELATIONS 

Respiration: 

OxTGEN IN Breathing O^gen combmes loosely with the 
hemoglobm, the resjiiratory pigment m the red co^uscles oi the 
blood There is also a httle oxygen dissolved m the blood Taken 
together the comhmed o^gen and the dissolved o^gen make 
nearly as high a percentage of oxygen m the blood as m the air 
Hemoglobin, combined with oxygen, is bnght red (artenal blood 
flowmg firom the lungs), but after giving up its oxygen to the blood 
capiUanes it la a deep bluish purple (venous blood) This is the 
reason for the different color of blood flowmg from artenes and 
from the veins 

The oxygen circulates through the tissues m all parts of the body, 
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oadJzing the sugars, fats, al! broken down material, and certain 
poisonous substances, with the formation of heat, lactic add, 
carbon dioxide, and water. The sj^ed of the oxidation is influenced 
by enzymes called oxidases, which act as catalyzers. The water is 
eliminated by the kidneys, sweat glands, and lungs. The carbon 
dioxide is carried by the blood to the lungs and then exhaled. A 


Rp. 8-“Th* SrsQth oF 
life. Oxygen mixed 
with o iinalt amount of 
corbon dioxide oi a 
rejplrolory ihmulant li 
being used fn reviving 
Q newborn baby. Cour> 
tssy, Ohfo Chemieef ond 
Mfg Co 

considerable amount of the lactic add is converted into a carbo- 
hydrate called glycogen which is then deposited in muscle tissue 
and in the hVer. Glycogen, which is also derived from sugar, is a 
highly important source of energy for the body. 

Exercise, of course, brings on a more rapid oxidation, which is al- 
ways followed by hxmger. Especially is this noticeable in children. 
The normal temperature of the body ra 37“ C. (98.3“ P.), and the 
automatic control of the oxidation which keejw this temperature 
constant is one of the most marvelous functions of the body. If 
the waste products, i e., the products of oxidation, are not ceuried 
away by the blood, fatigue results, as indicated in Chapter I. 

The gas, carbon dioxide, exhaled by the lungs, is a food for plants 
The carbon is retained in the tissues of the' plant, while the oxygen 
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IS returned to the air Thus animals and plants work together in 
keeping the amount of oxygen in the air constant 



Fig 9 — Oxygen Tent This cleor y ew oxygen tent is used with the hasp fat central 
pipeFne oxygen system Note the cool/ol at the watt outlet What ore advon 
tages of a centrol supply system? Courtesy, Ohio Chemical ond Surgical Eqwp 
merit Compony 
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Oxygen in Medicine Pure oxygen finds an important use in 
the hospital, especially in the operating room (Fig 8) 

'Hiere are pathological conditions m which the cells of the body 
do not receive a normal supply of oxygen from the blood Such a 
condition is known as hypoxia (oxygen shortage) and usually may 
be controlled with an atmosphere of about 50 per cent oxygen 
The oxygen for this purpose is stored m steel cylinders and its 
administration is regulated by observing the rate of flow through a 
bottle contaming water or by a pressure gauge 

A modem method of admmistermg oxygen consists of an oxygen 
chamber in which the patient is placed m bed although the oxygen 
tent 13 more commonly used in m<»t hospitals The amount of 
oxygen to be given is regulated by a motor In some of our newer 
hospitals oxygen is piped to beds from a central supply (Fig 9) 



Tg 10 — Oxyg«n Inhatotor The oropKoryngeai calhete outf I Ii of spec al value 
for h gh concen^ralons of oxygen and as a subshh/le for on oxygen fenf when 
lent Is not ova able What Is the oclvantage of the humid fy ng and dr p jar 
essembly as shown to the pot enl * ghl? Cocirlesy The Oh o Chem col S Mfg Co 
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Rg 11— Ha$a1 Motk. The noiat mgsk is suitoble Igr high eoncentroliens of oxygen 
or oxygen helium therapy Why is this type of mask convenient m the hospital, 
end much preferred on commerool otr lines) Ceuritt/, The Ohio Chemicof & 
Mfg Co 


A much more economical method of producing a high concen- 
tration of oxygen in the blood b by means of the nasal catheter 
(tube), the insertion of which in one nostril with oxygen flowing 
briskly (two liters per minute) will supply an inspired air contain- 
ing 30 to 35 per cent of oxygen, while the use of two catheters 
furnish^ about 40 per cent oxygen (Fig. 10). A convenient type of 
nasal mask is shown in Fig. 11. 

The objections to the imcomfortable use of a nasal catheter, and 
the initial expense of the other methods mentioned, have resulted 
m still another method of administering oxygen (Fig. 12). 

In cases of accidental interference with respiration, such as oc- 
curs in asphyxia (condition of lifelessness) and drowning, where 
normal respiration is either interfered with or cut off for short 
periods, oxygen is administered in a concentrated form by means 
of an mhalator. With this apparatus (Fig. 13) regulated amounts 
of oxygen are released throu^ a rubber mouthpiece into the 
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Fig J 2— Alt Open Top Oiiygen T«nf T^e oirli icrptoool by a fmott tee eonto ner 
back of the potient’i head An oxygen flow of four lilert per minute mo nlain* a 
concentrat on of about 50 per cent around the polient s face What ore the od 
vantages thotcan be claimed forth s type of tent? Covrfety, Warren f Co//nc /nc 



Fig 13 — Oxygen Inhalolor The oxygen Inhalolor Is used in coses of osphyxio 
os tn drowning and exposure to po sonovs gases Art float resp rol on is appTed 
w>^ the odmlnistrotlon of oxygeiv What municipoi deportment should be 
equipped with Inhalators? 




patient’s mouth, thus bringing the oxygen content of the blood up 
to nonnal. 

In certain types of surgery, such as dentistry, nitrous oxide 
(laughing gas) is used as an anesthetic. Oxygen is mixed with the 
nitrous oxide to avoid asphyziaiion. Any inf ammation in the lungs 
caused by an abnormal condition (reduced pressure) of the air will 
interfere with the nonnal supply of oxygen to the blood, and healthy 


Rg 14-— A Face Ten! Tht« 
newer device is designed for 
maximum patient comfort W^at 
ore some of its odvantoges 
compared to the conventional 
oxygen tent* Courtesy, Oho 
Chemicof and Surgical Fquip> 
merit Company 

persons will begin to show symptoms of oxygen himger. This is 
especially true with aviators, mineis, and deep-sea divers Such 
persons must frequently resort to the use of pure oxygen. This is 
supplied from cylinders in carefully regulated amoimts, through the 
breathing helmets. The lightness (92 per cent of the lifting power 
of hydrogen) and rapid difiusibiUty of helium gas has made pos- 
sible an oxygen-helium agent for use with anesthetics in the treat- 
ment of asthma, pneumonia, and other respiratory disease. The 
helium eases the burden on weakened lungs. It is used as a synthetic 
air (80 per cent He, 20 per cent O 2 ) for deep-sea divers and under- 
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fg l5-~Herum Oxygea Therapy Helum because of ft* few ipoefftc gray fy 
a» compared to oir [0 13B to 1) on<t (H consequently h gb d fTus b lily recently has 
found o use for the rel ef of vor out types of resptrotory obstruct on How w II 
the odd I on of hel um to gaseous anesthel cs offect the muscular effort of breath 
?ng? Courfery Oh o Chem ee> oi>d Mfg Co 

water tunnel workers to decrease tJie danger from caisson disease or 
the ‘ bends," a painful condition caused by sudden expansion of 
mtrogen from the air dissolved m the blood This use of hehum to 
replace nitrogen depends upon the fact that hehum is about 40 
per cent less soluble in the blood than is mtrogen (Fig 15) 

Oxygen finds another important use m the hospital m ascertain 
mg a patient’s basat metabolic rate The basal metabolism is the 
smallest amount of energy required to maintain life when all 
activity IS reduced to a minimum In practice this is measured 
by determining the amoimt of oxygen consumed in a given period 
by the patient when at rest The basal metabolic rate, then, indi 
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cates the lowest amount of energy required for the body to maintain 
normal metabolism. Any metabolic rate above normal is indicated 
by + and below by — . Since there is a normal rate of metabolism 
in good health, any deviation one way or the other, if excessive, 
may be an indication of either a present or a future trouble. 


Oxygen Requirement: 

The place and value of oxygen with respect to maintaining life 
deserve some discussion. Even when the body is perfectly quiet 
and there is no food to be oxidized, the average person requires 
some 15 to 18 ml. of oxygen per inspiration. If we consider that 
approximately one-fifth of the air is oxygen, and that one-fifth of 
the oxygen in the lungs is absorbed by the blood firom the limgs, 
the amount of air inhaled at every msphation must be about 25 
times 15 or IS ml., or about 400 ml. per inspiration. The amount of 
the air intake of covurse will be greatly increased when food is in- 
gested and the person is actively engaged in some form of exercise. 
To meet any sudden demand of the tissues for oxygen, alteration 
in lung ventilation must take place, since the body is not capable 


Fig I A — Resusatator This 
instrument provides gentle posi- 
tive and negative pressures to 
restore natural breathing Why 
IS the position of the head of the 
patient of impertanca? Cour- 
tesy, Ohio Chemical and Surgical 
Equipment Compony 
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of storing a reserve supply of oxygen as it ordinarily may do in 
the case of foods. 

If for some reason as in drowning, gas poisoning, and other forms 
of suffocation, the respiratory mechanism of the body becomes in 
capable of supplymg the tissues with the necessary amount of 
oxygen, destructive action begins in the cells and prompt measures 
of resuscitation must be used Tliis Jack of oxygen m the body, 
hypoxia, is generally relieved by prompt oxygen therapy (Fig 13) 
However if the condition has been gradual and over an extended 
period, as in circulatory disturbances of cardiac ongin in anemic 
conditions or in inflammatory conditions of the lungs where there 
has been fever associated with disease and also where the demand 
for oxygen in the tissues has been greatly increased — then the cells 
of the nervous system m particular, the heart and other organs of 
the body will have been damaged to such an extent that even 
oxygen therapy may be ineffective In such cases oxygen therapy 
may not be cons dered a specific any more than would be food to 
one who through starvation has passed beyond the point of 
assimilation 

It IS mteresting to know that a candle goes out m air which con 
tains less than 17 per cent of oxygen, but human hfe will continue, 
provided other conditions are normal 

From these brief statements it is evident that there are various 
types of hypoxia, produced by madequate oxygenation, such as 
those encountered in pulmonary mvolvements, circulatory dis 
turbances and jn lessened cipacily of the blood to carry oxygen 



F g 17— Effect of Decreas ng Pressure of Oxygen Al olt alt tudes the a r con 
to ns opproxtmately 21 per cent oxygen. The effect of o decreas ng pressure 
of oxygen on the human body fs situstrafed n the photographs of o bumng 
candle at barometric pressures correspond ng to eleval ons of 1 000 5 000 
10 000 15 000 20 000 and 25 000 feel Does th s correspond to the weakness 
of the human body and danger of sudden wffopse when there Is not o normal 
supply or port ol pressure of oxygen in the lungs? 
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Symptoms of Hypoxia: 

In asphyxia, oxygen deprivation is very rapid, loss of conscious- 
ness ensuing with possible convulsions before death. At such times, 
the most effective treatment is artificial respiration, or the inhala- 
tion of oxygen mixed with cmrbon dioxide, the carbon dioxide being 
used to stimulate deeper breathing. 

On the other hand, slowly developing hypoxia impairs the mind 
and senses to such an extent that the patient is almost unaware of 
his condition. The pulse is rapid and feeble, the symptoms being 
somewhat like the effect of an overdose of alcohol. Headadie, ex- 
citement, and loss of self-control may follow. The unrecognized 
failure of judgment on the part of one suffering from slowly de- 
veloping oxygen shortage is a serious danger because the victim 
persists in continuing his activities at a time when his condition 
calls for rest and more oxygen He does not recognize these delayed 
symptoms until too late for remedy. 

As already mentioned, at sea level approximately one-fifth of the 
air is o^gen. However, at higher levels, as on mountain tops, 
the lowered atmospheric pressure diminishes the oxygen per unit 
volume of air (Fig. 17) to the point where all body functions are 



Fig 18 — ^“Air Lock" Helps Babies Breathe. The oxygen-air pressure lock approx- 
imates the air pressure, oxygen supply, temperature, and humidity prevoilmg in 
the womb {ust before birth. Air pressure fluctuates automatically, serving to draw 
out mucus which might choke the wifonL Courtesy, foewenstem Corp. 
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Fg 19— Forfafara Oxygen Cyfnder Th« moitcs post b(e oxygen therapy on o 
frsladboss The equ pment s relolvely Inaxpensve Where might equ pment 
of th s type be made pva table for emergency use* Courtesy f nde Ovson 
Ltn on Corb do Cerporpt Pn 

more or less inhibited Respiration may even fail temporarily, re 
suiting in famting or syncope or the heart itself may fail to function 

Guide for Oxygen Therapy 

There are many symptoms of oxygen starvation The nurse, and 
the anesthetist in particular, must be on the outlook for indica 
tions of a lack of oxygen m the patient A blue colored skin called 
cyanosis (si an-o sis), is a typical ^nnptom of asphyxia Blue finger 
tii» and cyanosis of the face constitute the most reliable mdex ot 
h3T)Oxia and the need for immediate oxygen therapy When 
cyanosis is evident, the pulse is rapid and the respirations are quick 
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ened, but they are more shallow than normal In combatmg this 
condition by increasing the oxygen concentration of the inspired 
air, it has been observed by different investigators that the higher 
the concentration of the oxygen the slower will be the pulse A 
slow pulse then will indicate that the patient is breathmg more 
deeply and that hypoxia is being relieved Prom this it is evident 
that the pulse can act as one of the best gmdes m determmmg the 
need for oxygen, even before cyanosis is evident 

Withm recent years, experiments have shown that the optimum 
concentration of oxygen for therapy is somewhere between 40 and 
60 per cent, and that any concentration below 30 per cent is of 
scarcely any value Higher concentrations of oxygen, with the 
livelihood of not getting enough CO 2 in the inspired air to stimulate 
the respiratory centers m the hram, tend to suspend breathmg 
The nasal ca^eter method that is commonly used m hospitals 
supphes up to 35 per cent of oxygen, an amount whidi, if contmued, 
will provide for the patient’s comfort 

A new development m the medical use of oxygen is termed 
hyperbaric (high pressure) oxygen therapy Here the patient, and 
those immediately attending him, are subjected to elevated oxygen 
pressures with the result that more thw the normal amount of 
oxygen is earned m the blood stream Huge pressure chambers are 
constructed to utilize oaygen m this fashion At the present tune 
this type of oxygen therapy appears promismg, but it is stiU largely 
m the experimental stages 

SEIF-TESTING QUESTIONS 

18 What IS the relation between oxygen and hemoglobin'^ 

19 In what ways is oxygen used m hospital practice'^ 

20 What 13 the difference between hypoxia and cyanosis"^ 

21 Can hypoxia exist without cyanosis^ 

22 What has the basal metabolic rate to do with oxygenation in the body‘s 

23 What is oxygen therapy’ What is the requirement of oxygen by the 

body"^ 


SUGGESTED ACTIVITIES 

I THOocirr Pbovokino Questions 

1 Why 13 BO much of the earth s oxygen found in combination'^ 

2 Why do not oily rags used by mechanics undergo spontaneous 

combustion'^ 

3 Name three fireproof substances and explain why they are fireproof 

4 Explain the successive use of paper wood and coal in producing 

a coal fire 
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6 What precautions must be observed to prevent surgical instruments 
from rusting? To prevent plant and animal food from decaying? 

6 In extinguishing a fire what principles must be kept in nund? 

7 What precautions should be observed to prevent spontaneous 

combustion? 

8 Does the term “eombuation*’ always involve oxygen? Explain 

9 Why la oxygen considered the moat important element? 

10 Why la oxygen essential to life? 

11 Vegetable or drying oils on cloth may undergo self ignition Why 

do not Oils used on dusting dotha and mops start fires? 

12 In a mine where a candle wiU burn, a man may get enough oxygen 

to live How do you account for the fact that a candle will burn 
on top of Mount Everest, but man cannot live there? 

13 How do you explam that fanning a fire may m some instances put 

it out and ID other cases makes it burn better? 

14 IVhat factors determine the rate of oxygenation of the aluminum 

in a photollash bulb? 

15 How do you account for the fact that housewives have been killed 

by throwing dust collected &om fioors mto an incinerator or 
furnace? 

16 In what common disease is there lasuScient lung tissue to absorb 

adequate oxygen from the air? 

17 How can you identify e gas having no color, odor, or taste? 

18 How does hypoxia differ from anoxia'^ 


II VoCABOtjlRYTESTWOOPNeW’TeRifS 
electrolysis hemoglobin 

catalytic agent combustion 

oxide enzyme 

oxygenation spontaneous combustion 

oxidation kindling temperature 

reduction hypoxia 


HI Topics for Oral or Written Reports 

1 Fireproof Textiles 

2 Chemical Fire Extinguishers 

3 Oxygen Therapy 

4 Discovery and History of Oxygen 

5 The Rustmg of Iron 
€ Catalysis in Industry 

7 Causes and Medical Treatinent of Hypoxia 
S Devjgfis -far the A diavnisfeTing nf Qxyypj 
9 High Pressure Oxygen Therapy 


asphyxia 

inhalator 

basal metabolism 

oxidase 

cyanosis 

syncope 


LABORATORY CHEMISTRY 
Laboratory exeroses for this chapter will be found on page 650 
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WATER— THE MOST IMPORTANT LIQUIO 

CHAPTER OUTitNE 


I OCCUHBKNCS AND PSOPSRTIES 

(a) Occunecce 

(b) Physical properties 

(c) Chemical properties 

II Impukities in Natural Watb* 

(a) Mineral water 

(b) Organic matter 

(c) Analysis of water 
111 Purification op Water 

(a) Distillation 

(b) Boiling 

(c) Filtration 

(d) Aeration 

(e) Sewage disposal 


IV Haxd Water 

(a) Objections to use of hard 

water 

(b) Water softening 

(c) Permutit process of water 

softening 

(d) Exchange resins 

V Potsiolooioal Importance OF Water 

(a) A component of protoplasm 

and tissues 

(b) A component of all body 

fluids 

(c) A tissue lubricant 

(d) A temperature regulator 

(e) An aid in digestion 


f. OCCURRENCE AND PROPERHES 

Just as we are said to be living in an industrial age of metals, so 
can it be said that we are living in an age of water diemistry, if we 
think of water in relation to our daily life In fact, the history of 
the rise and fall of civilizations and of mankind’s economic progress 
could be written in terms of water— water for navigation, water for 
imgation, water for power, and water for dnnking and sanitation. 

Occurrence: 

Water is the most familiar and abimdant of all chemical com- 
pounds Large sections of the colder regions of the earth are cov- 
ered with it in the form of ice; m the liquid state, it covers about 
five-sevenths of the earth’s surface. The soil contains water which 
is necessary for the growth of plants, and water vapor is an essential 
constituent of the atmosphere Water constitutes more than half 
the weight of all hving organisms and about two-thirds the weight 
of the human body Of the amount of water m the human body 
one-ialf is in the muscles, one-fifth in the skin, and one-fourteenth 
in the blood Practically all foods contain high percentages of 
water as shown in the following table 


Tomatoes 

94 3 per cent 

Bread 

35 3 per cent 

Milk 

87 0 ‘ 

“ 

Beans, dned 

12 6 *• " 

Apples 

84 6 " 


Rice 

12 3 “ “ 

Potatoes 

78 3 ‘ 


FJour 

11 9 *• “ 

Beef 

73 8 • 

“ 

Butter 

11 0 " " 

Eggs 

73 7 * 

“ 

Oatmeal 

7 3 •• " 
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Physical Properties: 

Pure water is a colorless, odorless, tasteless bqmd In large quanti- 
ties it may show a bluish or greenish tmge, caused by the reflection 
and refraction of the light rays and the organic matter suspended m 
it It freezes at 0® C • and bods at 100“ C When water is cooled it 
contracts until it reaches a temperature of 4* C where it has its 
greatest density At this temperature one milliliter (ml ) of water 
weighs one gram Hie density of water at 4“ C is used as the basis 
for computmg the specific gravities (sp gr ) of hqmds and solids 
Specific gravity is the ratio of the weight of one milliliter of the sub 
stance to the weight of one miUiliter of water The specific gravity of 
mercury is 13 6, which means that one milliliter of mercury is 13 6 
tunes as heavy as one milliliter of water For expressmg the specific 
gravity of a gas, either hydrogen or air is used as a standard 

When water is cooled from 4* C to 0“ C , its freezing point, a 
slight expansion occurs In freezing, water expands by about one 
tenth of Its volume This explains why water, m freezmg, bursts 
water pipes and why ice floats on water 

Water requires more beat than any other liquid or solid to raise a 
umt mass of it (one gram) through a umt change m temperature 
(1“ C ) This heat is called specific heat and means that water has a 
specific heat of one calone per gram per degree C It has a great 
heat capacity, and undergoes temperature change more slowly than 
any other substance This explains its use m the hot water bottle 

Water also has a high heat of vaporization, it requires 539 calories 
of heat to change a gram of water at 100“ C to vapor These two 
factors, specific heat and heat of vaporization, explam how the 
human body mamtams its constant temperature In the change of 
the vapor back to liquid water, 539 calories of heat will be given 
off Hus IS called the heat of condensation It is the high value of 
heat of condensation that makes steam useful for heating buildmgs, 
and it further explains why live steam causes more serious bums 
than hot water 

When one gram of ice at 0“ C changes to water at the same 
temperature, about 80 calones of heat are absorbed this heat is 
known as the heat of fusion Hus is why ice packs are used to lower 
body temperature Each gram of ice m such a pack absorbs 80 
calones of heat from the body in meltmg In order to change a 


* A compansoa of the Cent grade (C) and the Fahrenheit (F) ecalee occora oo page €26 
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gram of water at 0* C. to ice at that temperature, 80 calories of 
heat must be extracted from the water, this heat is known as the 
heat of solidification of water. It is this operation which is carried 
on in ice-making plants. 

Following are some important physical constants for water: 


Freezing point 
Bolling point 
Specific gravity 
Density . 

Specific heat 
Heat of fusion 
Heat of vaporization 
Heat of condensation 
Heat of solidification 


0” C. 
100® C. 
I 

1 Gm per ml 
1 cal per Gm per degree C 
80 cal per Gm 
539 cal per Gm 
539 cal per Gm 
80 cal per Gm 


Water is remarkable for its ability to dissolve other substances, 
and it is the moat universal solvent known. In fact, even substances 
like rocks are soluble to a shght extent. Pure water is used in labora- 
tories in making up solutions because most substances dissolve 
readily in water and chemical action takes place more rapidly 
in solution For example, the mgredients in baking powder begin 
to react as soon as the powder is dissolved From a biological 
standpoint the solvent properties of water are of great importance 
to hving organisms as through this medium nutrients are earned 
to the cells, and waste products away from them 


Rg J— -Water, the Untverjal Sol 
vent tn the dry regions water ii 
conveyed by flume* to field* so 
that animal foods may be mode 
available to the plont What 
classes of foods ore mode avail- 
able to the body by solutions* 
Courtesy, Eatfman Teaching Films, 
Inc. 
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Chemical Properties* 

Water enters into direct combination with a number of elements 
and many compounds to form crystalline substances called hydrates 
A hydrate of special interest to nurses is calaum sulfate or gypsum, 
the partially dehydrated form being called “plaster of Pans " The 
latter hydrate when mixed with water “sets” mto a hard mass, 
and £nds extensive use in making surgical casts At such tunes a 
coarse mesh bandage (cnnobne) is covered with the plaster of Pans 
powder The bandage is applied and is then moistened with water, 
or it 13 dipped m water, wrung out, and then quickly applied 
Since the paste expands shghtly upon settmg it is necessary to 
watch the circulation of the part of the body enclosed The re- 
action IS shown in the following equation 

{CoSO^h HjO + 3 HjO 2 CoSO^ 2 H^O 

(Mfi powd*r) (herd loPd) 

Notice that the setting of plaster of Pans is a chemical change 
wherem one hydrate is converted mto another 

When a hydrate like alum ts heated in a test tube, drops of water 
condense m the cooler part of the tube, leaving a white powder 
called “burnt alum ” 'ITie water which assists m the formation of 
crystals, is called leader of crystaUizaUon, or loater of hydration 
(Fig 2) In this connection, it should be remembered that some 
oystallme substances hke sugar and salt contain no water of hy- 
dration and are called anhydrous compounds Sometimes the water 
of hydration IS slowly given off when a crystalline hydrate is exposed 
to the surrounding diy air, and the crystal crumbles to a powder 
Crystalhzed washing soda is such a compound and it is said to be 
efflorescent On the other hand, a compound such as anhydrous 
calcium chloride which takes up atmospheric water, is described 


Fig 2 — Woter of CrytlolTiarton. How con you defer 
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as hygroscopic Substances that are sufficiently hygroscopic to 
finally pass into solution are said to be deliquescent 

Although water is a very stable compound that resists decom- 
position by heat, and is not a very effective oxidizing agent, it does 
react with many elements Active metals hke sodium and calcium 
displace hydrogen from cold water 

2 No + 2 HOH 2 NaOH + H 2 

while others hke magnesium and iron displace hydrogen only from 
steam 

Certam nonmetals react with water It is the oxidizing action of 
steam upon glowing coke (carbon) 

C + HiO^CO + H 2 

that furmshes one of the cheapest sources of hydrogen, this mixture 
of gases, carbon monoxide and hydrogen, is an important fuel called 
water gas A few active nonmetaUic elements hke chlorme, instead 
of hberating hydrogen as some metals do, react with the hydrogen 
in water to hberate oxygen 

H 2 O + CI 2 ^ HCl -b HCIO o?d) 

I 

KCI -f- O (noicent oxygen) 

Water umtes with some oxides (called anhydrides) to form bases 
and with others to form aads Thus with some oxides of metals it 
forms bases (hme changed to calcium hydroxide), while with some 
oxides of nonmetals it forms acids (carbon dioxide with water 
changed to carbomc aad, i e , soda water) Reactions of water 
with many compounds, sudb as foods, to break them down into 
simpler substances, a process called hydrolysis, are discussed later 
in the book 

Under ike iasinsd tbai iron rvsts jn 

the presence of moisture It has been found also that other chem- 
ical reactions will not take place unless a trace of moisture is present 
For instance dry hydrogen gas, sulfur, phosphorus, and carbon will 
not bum in perfectly dry oxygen Ihis evidence proves that water 
is a very important catalyst probably the most important of all 

SELF-TESTING QUESTIONS 

1 Name four results of the absence of water m the human body 

2 State the occurrence of water 

3 What are the chief physical properties of water? 

< What la specific gravity? Specific heat*’ Heat of vaporization? 
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5. Why 13 the temperature of the body constant? 

6 What ia a hydrate? 

7. What is water of cryetalhzation? 

8. Why is plaster of Paris used in making surgical casts? 

9. What two large classes of compounds are formed when water unites 

with anhydrides? 

10 How do some nonmetallic elementa differ from active metals in the 
presence of water? 

II. IMPURITIES IN NATURAL WATER 

Since water is aa excellent solvent, naturally occurring water con- 
tains more or less matter derived from the soil with which it has 
come in contact and through which it has percolated. Sea water, 
for instance, contains about 3 per cent of ordinary salt. Even rain 
water contains dirt, and gases such as CO 2 , N 2 , and 02, dissolved 
from the air. This foreign matter in water is either mineral or 
organic matter, and may be either dissolved or suspended in the 
water. 

Mineral Malfer: 

Common salt and various compounds of calcium, magnesiiun, 
and iron constitute the usual mineral content foimd in natural 
water. If the quantity is abundant the water is difficult to lather 
with soap and is called hard water, while water which contains little 
or no mineral matter lathers easily and is called soft water. 



Fig 3— T«itlng Woler for Sewag« 
ConfacTiRtoKea Bacillcfi coll In water 
is an Indicotion of sewoge contom- 
IhaAon, si’neo iY A on organism wrtose 
hobtiof Is th« colon of man. This 
organism decomposes milk sugar with 
the formation of acid and gas. The 
three tubes on the left show this gas 
formation, the inverted inner tube 
acting as a gas trap. Whot common 
diteoiei are often troceoble to water 
contamlnationf Courtesy, E Buchanan, 
Cleveland, DMiion of Health. 
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Organic Matter: 

Products derived from the decomposition of plants and animals, 
and possibly from sewage, comprise the organic matter which is 
partially suspended and partially dissolved in the water. This 
organic matter serves as food for bacteria, many of which cause 
disease Water from shallow wells and nvers m thickly populated 
districts is quite apt to be highly contaminated with pathogenic 
germs Typhoid fever, dysentery, and cholera are often contracted 
by dri nkin g water which has been polluted by bacteria carried by 
those afflicted with the disease. Sickness, directly traceable to 
water, frequently is due to these disease bearing organisms 

Analysis of Water: 

By evaporating a dedmte amount of water to dryness and weigh- 
ing the residue, the total amount of solid matter in the water can 
be determined. An examination of the composition of the residue 
is called mineral analysis. 


ANALYSIS (PARTS PER MILLION) OF PUBLIC WATER SUPPLIES 


1 

City 


Metals 

itodicals 

li 

Calcium 

e 

3 

1 

1 

Iron 

e i 

3 n 
"V 0 
0 £ 

Sf 

1 

Sulfate 

•§ 

G 

s 

New York, N. Y 

28 

4 5 

12 

004 

1 1 

11 

77 

10 

0 49 

16 

Philadelphia, Pa 

7( 

12 C 

33 

007 

54 

46 

12 0 

29 

110 

44 

Detroit, Mich 

9£ 

27 C 

7C 

FTTil 

2C 

102 

74 

45 

0 0? 

96 

CJevalaDd, Ohio 

i59 

350 


007 

56 

33. 

250 

33 0 


322 

Chicago, 111 

183 

36 0 

10 0 

0 40 

Na4.6 

144 

10 0 

60 

1 80 

131 

St Louis, Mo 

187 

26 0 

51 

on 

262 

40 

73 0 

10 0 

1100 

86 

Los Angeles, Cal 

279 

39 0 

16 0 

00 

34 0 

165 

59 0 

28 0 

Trace 

163 

San Francisco, Cal 

36S 

38 0 

18 0 


70 0 

276 

36 0 

76 0 


166 

Tampa, Fla 

1273 

113 0 

33 0 

048 

275 0 

176 

92 0 

548 0 

2 80 

418 


An analysis of this kind is of great importance in determining 
whether the water m question would be adaptable for manufactur- 
ing purposes, sudi as for use m steam boilers and m laundries An 
examination to determine the amount of organic matter, the com- 
position of the products (mostly ammonia, nitrites, and mtrates), 
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and the number and kmd of bactana living upon the organic matter 
IS called sanitary analysis Malang such an analysis is necessary 
for the health of any community It is not sufficient merely to 
make a bacteriological analysis In this connection, it is impor- 
tant to remember that the appearance of water is not a critenon 
of its punty, for clear, sparkbng water is otten contaminated with 
dangerous germs Only a trained chemist and bacteriologist should 
be employed to make a trustworthy analysis of water 

SELF-TESTING QUESTIONS 

11 What constitutes mineral matter m water? 

12 When is water soft? 

13 What comprises the organic material in water‘d 

14 What diseases may bo caused by cootaxomated water? 

15 What la a mineral aDatysia^ A sanitary analysis'^ 

III. PURIFICATION OF WATER 

Because all natural waters contain bacteria, some of which are 
disease causing (pathogenic bactena), and because water contami 
nated with sewage is potentially very dangerous to health, different 
methods of purffication have been worked out By some methods 
the harmful impurities, mostly pathogemc hactena, are removed, 
while by others these harmful unpunbes are only partially removed 
and the remainder are destroyed 

DIslillalion* 

Boilmg water and condenamg the steam, called distillation, is the 
most effective but not the cheapest method of purifying water 
(Fig 4) The min eral matter and most of the orgamc matter 
are left m the vessel in which the water was boiled The distilled 
water, as it is called, is used m the manufacture of ice, to some ex 
tent for drinking purposes, and by chemists m makmg solutions 


Fg 4— Purifying Waler Dlitllotlon 
does not oppl}' merely to water 
Why Is d St lied woter used In the 
Joborotory? 
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Boiling: 

Water may be made fit for drinking purposes by boiling, a process 
which does not remove any dissolved solid material, as the min- 
erals, but does kill the microorganisms which cause disease. This 
is the simplest method of purifying water for hygienic purposes 
For the household supply the water should be boiled about ^teen 
minutes. During the boiling of the water the dissolved air is 
expelled. This causes the water to taste fiat, but the fiat taste may 
be overcome by aeration, as in the pouring of water from i one 
vessel to another. 

Filtration: 

The suspended matter in water, such as clay and imdissolved 
organic matter, may be removed by filtration, a very economical 
method of purifsdng water. On a small scale this can be accom- 
plished by passing the water through some porous clay, such as 
the Pasteur filter which consists of an xmglazed porcelain cylinder 



Rg. 5 — A Stow Sond RUer. What Is on obiectton to this method of filtration? 


surrounded by a metal case. In this way bacteria and suspended 
matter are filtered from the water as it passes through the porcelain 
to the inside of the cylinder. Substances in true solution, however, 
cannot be removed by filtration. Such filters are not very satis- 
factory, as they are not easily kept in working order. 

On a large scale, in cities where the water supply comes from 
XDuddy rivals fir a pjalluiad Asia, the wster Ss slkfwsd to 
through beds of sand and gravel (Fig. 5), a purely mechanical 
process. The suspended matter is caught by the sand, but the 
dissolved impurities still remain in the water. Since not all of the 
bacteria are on the suspended organic matter, this water is not 
wholly suitable for household uses. 

In the more rapid sand filtration plants, involving both a me- 
c bani cal and a chemical process, the water before filtration is run 
into large tanks. Here it is made slightly alkaline, then thoroughly 
mixed with either aluminum sulfate, iron sulfate, or sodium alumi- 
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nate to produce a flocculent soKd in the water. Thia insoluble solid 
settles, carrying with it a part of the suspended particles (Fig 6). 
The partially purified water is then run through the rapid sand 
filters, which remove most of the remaining organic matter (Fig. 7). 
As filtration does not always remove all the bacteria, it has become 



Fis 6— Cooguloiion (A) Sodiinn corbonale^ NojCOj, pre- 
cipitates finely divided particles of calcnim and magnesium 
compounds which do nof readily settle ond ore difficult to 
flier. (b1 a more focciHent precipitation coused by such 
precipilants or cooguionts os sodium oluminate, NaAIOzi 
and aluminum sulfate, AljtSOsh. How does the slie of the 
precipitated compounds effect dorificotim? Courtesy, 
Notional Aluminate Corp 

Fig 7— Rapid Sand Filler. Section of a fitter bed composed of 
obout five feel of sand and grovef Whot material Is not removed 
by o tend filter? 


the practice to treat the water wiUi chlorine, a substance which 
kills the remaining micro-organtems. In some plants ammonia gas 
is fed into the water previous to the treatment with chlonne The 
ammonia gas unites with the chlorine to form chlorarmnes which 
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are m themselves strong bactericidal agents and have the advantage 
of prolonging the effect of the disinfection throughout the dis 

NH3 + Cl2-->NH2a + Ha 

Oilorom ne 



Pg 8 — Before and After Treafmenf with Afutn A v jual reproducl on of woler 
pur feat on The wh le dots in each plate are colonies of boctena The upper 
left IS from unheoted raw wafer The upper right is of Ih s water after alum hos 
been added The lower left is the some water after fitraton The lower right 
wth the fewest Indcatons of bocteno colon es is agon the same water after 
sedmentaton BItraton and ehlornaton Does FIfrahon remove all bocteno? 
Courtesy E Buchanan Cleveland 0 v s on of Health 

tnbutional system In addition the chlorammes dispel chlormous 
tastes and disagreeable odors In a few cities activated carbon a 
finely divided and specially treated carbon having the ability to 
condense and hold certain gases is also used to remove tastes and 
odors due to algae growths 
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Aeration: 

When exposed to the air, water, in time, purifies itself. The 
oxygen of the air dissolves in the water, acts chemically on the 
bacteria, and destroys them. The o^gen also oxidizes the sus- 
pended organic matter into soluble products, thus depriving the 
bacteria of food. This process, however, should not be relied upon 
to render water fit for drinking purposes, because the contaminated 
water may not have had sufficient exposure to the oxygen of the 
air to kill all the bacteria. Some cities spray their drinking water 
into the air, others agitate it by bubbling air through the water or 
by allowing the water to flow over a series of tile cascades in order 
to cause a better oxidation of the organic matter and any other 
substances which ordinarily might impart an tmpleasant taste and 
odor. This method of purification is called aeration (Fig. 9). 

Sewage Disposal: 

Because of the importanee of having water free from disease 
germs, the problem of supplying the community with safe water is 
closely related to the problem of sewage disposal. If sewage is al- 
lowed to be emptied without treatment into the community source, 
the organic matter with Its feeding bacteria soon renders these 
bodies of water xmfit for drinldng purposes as well as xinfit for 
bathing or fishing. Unless tlus sewage is satisfactorily disposed ot, 
it becomes a menace to the health of the people in the cozmnunity. 

There are several ways by which sewage, ^at is, human excreta 
and the waste waters of home, public buildings, and factories, may 



Rg 9— Purifying Water by 
Aeration. When water litproyed 
Into the air whol other foctor be- 
tJde5 oxygen enter* Into Kill- 
ing of bocterla? What patho- 
genic bacteria ore moit likely to 
be killed? 
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Fig. 10— Controst between fabrics washed in hard and in soft water. Upper 
view shows scum from hard water enmeshed In the fibers. How would surgicol 
instruments be affected by washing them in hard water? Courtesy, The Permut/t 

Co., N. y. 

be treated; the problem is to decompose the organic matter upon 
which the bacteria live, and kill pathogenic bacteria. In some dis- 
posal plants the diluted sewage is sprayed into the air in order to 
oxygenize the organic matter, and reduce the number of bacteria; 
in other plants ^e solid wastes are separated from the liquid by 
screening, sedimentation, and coagulation. This is followed by 
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bacterial digestion in septic tanks prior to oxygenation, and sub- 
sequent chlonnation. In the septic tanks (Imhoff) the oi^anic 
matter is decomposed by the bacteria, which in turn are destroyed 
by one-celled animats called protozoa. By this treatment what was 
sewage becomes clear sterile water. The separated sobd matter is 
incinerated, or used as a fertilizer. 

SELF-TESTING QUESTIONS 

26 Of wbat does punficatiOQ of water coasiat? 

17. What ia distillation^ 

IS Why does boihag purdy water"* 

19 Why does boiled water taste flat and how is ihia remedied'^ 

20. How may water be Altered in the home'’ 

21. Describe the slow sand Alter 

22. Explain the rapid sand filtration method of punfyiss water 

23 What does aeration do to the water? 

24 What b the preparatory process m the di^OBa) of sewage and the 

return of waste waters to nvera and lakes‘> 

25 What 13 the Last precaution used on aewa^ discharee? 


HAIR WASKEO IH 

HARO WAT8R SOFT WATER 



Fig 1 1— Photomicrographs Indicating how woler hordneit affects hair. How may 
the resulting gummy residue fae removed? Courtesy, PermutiT Co , N Y. 


iV. HARD WATER 
Obieclions fo Use of Hard Water: 

(1) It is the pi^sence of certain mmeral compounds in water 
whidi makes the water “hard.” When soap is used in this water 
these minerals react chemically with the soap to form insoluble 
soaps that have no deansmg properties. They adhere to washed 
materials and cause them to become harsh and rough to touch, 
yellowish or gray in appearance, and to develop an unpleasant 
rancid odor when stored away (Fig. 10). This harshness is a very 
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undesirable condition especially if the cloth is to be in contact with 
tender or irritated sldn. If iron salts are present, the materials 
may be discolored, a very objectionable feature in the laimdering 
of clothes. In washing the hair in hard water the sticky, gummy 
feeling of the hair upon drying is due to these insoluble soaps (Fig. 
11). In a somewhat similar way the pores of the skin become par- 
ti^y clogged from washing in hard water (Fig. 12) and in some 
cases this may produce akin irritations. 


Fig 12— T^ic Skin Washed {n Herd 
Water This is an enlarged photograph 
of the skm of a girl's cheek. Observe 
the tiny pores which this magnification 
makes visible Note the insertion 
Clogged pores may cause whot? 
Courtesy, Ptrmutit Co , N Y 



(2) In cooking with bard water, the lime salts form on the foods 
and harden them. Thus when peas and beans are cooked in Iiard 
water they do not soften sufficiently because the minerals in the 
water harden the legumin. In the making of broth and tea these 
mineral salts interfere with the proc^ of extraction. Therefore, to 
produce the same strength of tea almost twice the amoimt must be 
used with hard water as compsared with soft water. 

(3) When hard water is heated in boilers, certain mineral salts 
present become less soluble and deposit layers of bard scale on the 
sides of the boiler pipes (Fig. 13). Smce this scale is a nonconductor 
of heat, it causes a great waste of fuel. The deposit in a teakettle 
consists of such lime salts. 

Wafer Softening: 

Since there are many serious objections to the use of hard water 
several methods have been devised for the removal of the calcium 
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Fig 13— Boiler Scale Notice how the accumulation of the cement like leole cuts 
down the effective she of the f>ipe How does scole affect fuel consumption? 
Ceurtesjr, The Pennufit Co , N V 


and ma^eaium salts which cause the hardness There are two 
kinds of hard water, one, containing the bicarbonates of caldum 
and magnesium, is called temporary hard water; while the other, 
containing the sulfates or chlorides of these metals, is called per- 
manent hard water. Temporary hard water gets its name from the 
fact that it may be softened by boiling, since heat changes the 
soluble bicarbonates into the insoluble carbonates of calcium and 
magnesium. 

Co(HC 03 ) 2 >>CaC 03 4- + HzO + CO 3 

Intolublu 

corbonot* 

In actual practice it is more economical to precipitate these salts 
by the addition of a defimte quantity of slaked lime 

CaCHCOslz + Ca(OK)z-t2 CaCOs 4+2 H 2 O 

Permanent hard waters are softened by adding crude sodium 
carbonate: 

CaSOc + NozCOj ^ CaCOs 4 + Na 2 S 04 

On a small scale in the home, washing soda (Na 2 C 03 ■ 10 H 2 O). 
borax (Na 2 B *07 • 10 H 2 O), and trfaodnim phosphate (Na 3 P 04 • 12 
H 2 O) are frequently used to soften water. In the reactions of all of 
the foregoing mentioned cbenucals, the softening process de* 
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penda upon the change of soluble calraum and magnesium com- 
pounds mto insoluble ones which are no longer able to act with 
the soap to prevent its lathermg 
Hardness of water, calculated as calcium carbonate, is measured 
m parts or “degrees” per gallon One degree is considered as 1 
gram per gallon, and is equivalent to 0 017 Gm per hter, or 17 
gram parts per milhon parts, or 17 ppm * Each 1000 grams of 
hardness umtes with and destroys about 11^ lbs of soap One 
thousand gallons of 10 gram wat^ will destroy 15 lbs of soap 
which at 30 cents per lb would cost $4 50 


Rg 14 — ^ZeoHte Water Softener 
Water Is filtered ai It Is softened 
Notlee where the dirt collects. 
What expense Is connected with 
the operot on of Afj system? 



SRINE 

RESERVOIR 



Permutit Process of Water Softening; 

The water softemng methods used m homes, laimdnes, hospitals, 
and small mdustnal plants have not been altogether satisfactory 
smce they require close attention for their successful operation 
Withm recent years this difficulty has been mostly overcome by 
the permutit process of softening bard water This makes available 
for the home a water softener that is serviceable, effective, cheap, 
and easy to operate (Fig 14) The chemical used m this process 
is natural sodium aliimmvim silicate, called zeohte, or the manu 
factored compound called Permutit, Na2Al2Si208, which for brevity 

*To change grams per gallon into ppm multiply by 17 and to change ppm mto 
grains per gallon tnulbply by 0 0583 
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Fig 15— Effect of Hord and Soft Wot«r on $oep Th« tom* omount of leop was 
addtd to rh«s« fwo <enra2ii«rs. Nohct how (h» fiord woter in die giott to the left 
destroys soap, and how the soft woter In the gloss to the right mokes o copious 
lother. What ether compounds besides soop soften woter? Courtesy, The 
PermuM Co , N Y 

may be represented as NajZ. When hard water filters through this 
material the undesirable caJdum and magnesium ions are retained 
as calcium and magnesium zeolites, and the water is then "soft”: 
Na2Z + CaSO<-4CeZ 4, +Nci2504 

Sodium Coldvm 

seoSre zeol't* 

After the Fennutit has excdianged all its available sodium for 
calcium or magnesium, it may be automatically regenerated by 
allowing sodium chloride solution to filter through it. 

CaZ + 2 Naa NasZ + CaCl2 

The soluble calcium and magnesium chlorides are emptied into the 
drain and the Fermutit is again ready for use. By this method it is 
evident that the only expense is the original cost of the softenmg 
unit and the sodium chloride needed for regenerating the zeolite. 
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Many of our hospitals and homes use this method of water softenmg 

It IS to be noticed that the Permutit process is an ion exchange 
method of softening water inasmuch as the ions which cause 
hardness are replaced with sodium ions from the zeolite Hence 
when water which has considerable hardness is softened in| this 
way, the resultmg concentration of sodium ion may make the 
water unsmtable for individuals on a low sodium diet 

In addition to the previously mentioned methods for softemng 
water there has been mtroduoed a chemical called sodium hexa 
metaphosphate (NaPOa)8 This compound softens water by form 
mg soluble complex ions with the calcium and magnesium ions 
present m the water In this way the ions responsible for the 
hardness are effectively removed without the formation of any 
precipitates Sodium hexametaphosphate is widely used in com 
mercial and household water softeners This type of softener is 
especially useful in cleaning laboratory glassware because it pre 
vents film formation 

Exchange Resins 

The use of lon-excbange resins for water purification is more 
versatile than the Permutit method because not only calcium and 
magnesium ions, but also other ions, both positive and negative, 
can be removed 

The exchange resins are synthetic orgamc substances, m some 
respects similar to plastics They can be designed to perform rather 
specific functions such as removing all positive ions or all negative 
ions from natural water or solutions by the process of ion exchange 
Use of combmations of resms makes possible a fairly complete 
deionization to give water which is as pure as distilled water The 
ion exchange resins are also finding use for the removal of objection 
able ions m the preparation and purification of drugs, vitamins, etc 
Loke ib& seokte erf the* Permaht prtxess, ibsse esn he regen 

erated after use 


SELF-TESTING QUESTIONS 

26 What are three mam objections to the use of hard water? 

27 What IS temporary hard water and bow may it be softened*^ 

28 What IS permanent hard water and bow may it be softened? 

29 Explain the Permutit process of softemng water 

30 How does the use of the jon-exchai^ resins differ from the Permutit 
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V. PHYSIOLOGICAL IMPORTANCE OF WATER 

The importance of drinking sufficient water so that there will be 
plenty for physiological purposes is clearly shown by readmg the 
following paragraphs 

A Component of Protoplasm ond Tissues: 

We frequently think of foods as mcludmg only carbohydrates, 
fats, and proteins — the energy yield ng materials, the substances 
needed for growth and repair of tissues We may fail to realize 
that water too should be considered for the same reasons as foods 
Water is as important as the foods we eat 

Approximately two thirds of the body is composed of water This 
includes the duids m the active oi^ans such as the hver, muscles 
and bram, and m the cells which contain a semiflmd called proto 
plasm If these cells are to be normal and are to carry out chemical 
changes, they must not be allowed to become too dry Under normal 
conditions the amount of water consumed daily amoimts to about 
three or four liters, a large part of which is taken into the body 
with foods Water is the radium m which many of the chemical 
changes in the body take place ^ 

A Component of All Body Fluids* 

The blood is the circulatmg medium of the body for transporting 
nutnents, waste products, internal secretions (hormones), heat, and 
the phagocytes which dght invading pathogenic organisms Nor^ 
mally, the percentage of water m the blood is constant, and if m 
sufficient water is supplied to the blood, the fluid is withdrawn 
from the tissues As a consequence the cells suffer (dehydrate) at 
the expense of keeping the fluid of the blood constant 

l/rine is the principal medium for the elimination of soluble waste 
products from the body Whenever there is not enough water to 
dissolve and dilute the waste products, and allow them to filter 
through the kidneys, these organs cease to function properly and 
become damaged m attempting to elimmate highly concentrated 
waste solutions 

A Tissue Lubricant 

Water keeps moist such surfaces as the mucous membranes of 
the eyes, nose, and throat, and thus prevents discomfort It also 
moistens the joints, and acts as a solvent in the large mtestmes, 
thus aidmg digestion and ehmination 
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A Temperature Regulator: 

You have learned that water has a greater capacity for heat 
than any other hqmd or any aohd The body loses heat very slowly 
It IS when the blood reaches the surface of the body that heat is 
lost The blood with its high water content quickly equabzes tem- 
peratures as it circulates through the body The regulation of the 
body temperature is mainly accomplished by the skm Cold con- 
tracts the capillaries and does not allow much blood to reach the 
surface of the body Heat, on the other hand, causes dilation of 
the capillaries and hnngs blood to the surface to be cooled Heat 
also stimulates the sweat glands to produce more secretion and 
lower the temperature Water then is necessary for perspiration 

An Aid in Digesfion: 

Food is first dispersed and then acted upon by digestive flmds 
secreted by different glands In both cases water is necessary 
Moreover, the greater the amount of water the more rapid will be 
the chemical action and absorption of the digested foods Further 
more, water is one of the reactmg substances durmg the actual 
digestion of foods and m many of the other changes which take 
place m the cells of the body (See page 417) 

From the previous statements it is evident that water is an im 
portant substance for maintaimng life, and especially so when 
nutntive materials must be reduced to a minimum Life without 
nourishment may contmue for several weeks but without water 
death results in a few days 

SELF-TESTING QUESTIONS 

31 Why IS water unportaot to the protoplasm of the cell*^ 

32 Why IS water an important part of the blood*^ 

33 How does water affect the function of the kidneys? 

34 State how water aids chemical activity 

35 How does water regulate the temperature of the body? 

36 Mention three ways in which water aids in the digestion of foods 

SUGGESTED ACTIVITIES 

I Thought Provoking Queotions 

1 If steam is a colorless invisible vapor what is the material we 
ordinarily call steam^ 
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2 Wbat are three facta tliat make water especially suitable as tbs 

cooling liquid for automobile radiators? 

3 What distiDctioQ is made between a mineral and a sanitary 

analysis? 

4 How may a nurse quickly punfy water contaminated by patbo* 

gemc organisms'’ 

5 Name some metals that do not react with water 

6 How IS filtration earned out m your city? 

7 What IS the chief danger of a domestic filter? 

8 Why la a cooling effect produced when a floor la spnnUed with 

water? 

9 What is formed when iron reacts with water? 

10 What kind of impimties wiU filtration remove from water? 

11 If you were camping out and suspected the water to be contami 

nated with typhoid fever germs how would you render it fit 
for dnnlung purposes? 

12 Name some foods other than those mentioned which contain con 

siderable quantities of water 

13 Caawater&omltsappearaoceortastebejudgedaasafe? Explain 

14 What are the most desirable propertiae of water to be used for 

laundenog'’ For dnnkmg? 

15. Pressure cookers subjected to superheated steam are made of 
alummum and of steel Why is steel not preferred? 

16 During the hardening process of plaster of Pans used in making a 

surgical cast why doesnt the patient feel the chiUness of the 
moist application'’ 

17 In using an ice bag for therapeutic purposes how much heat will 

be absorbed if the bag contained 200 grama of ice? 

18 Temporary hard water contains caluum aad carbonate the cal 

cium of which can be precipitated by household ammonia 
What calcium salt is precipitated’’ 


II VocSBurAHr Tesitwc or Nsw Tsasis 


specific gravity 
specific heat 
beat of vaporization 
beat of condensation 
heat of fusion 
hydrate 

water of crystaUiza tioa 
efflorescent 


bygroecopic 
debquescent 
anbydroua 
anhydnde 
mineral matter 
orgamc matter 
mioerel analysis 
sanitary analysis 


distillation 

aeration 

temporary baref water 

permanent hard water 

zeolite 

Perrautit 

protoplasm 
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III. Topics for Oral or Writtek Reports 

1 Water Punfication m My Community. 

2 Value of Soft Water u Reducing Costs and Improving Service 

3 Methods of Water Softemng in the Home 

4 Progress in Treatment of Sea Water 

5 Water Shortage in Urban Areas 

LABORATORY CHEMISTRY 

Laboratory exercises for this chapter will be found on pages 655, 657 
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SOLUTIONS— LIQUIDS OF EVERYDAY USE 


CHAPTER OUTLINE 


I SoLcnoNs, Theik Nature amd 
Parts 

(a) Meaaus; of tbe t«nn “solu 

bans ' 

(b) Composents of a solution 
If SoLUBiixnr 

(a) Conditions affecting scdubility 

(1) Nature of the solute 

and Boi«%nt 

(2) The temperature 

(3) The pressure 

(b) Savingtimeinmalangsolutions 
(e) Concentration of solubons 

(dl Ways of expressing exact 
coaoeotratKm 

III Toe PROPRRTiEa op Solutions 
( a) Diffunon 


(b) OsmoBis 

(c) Physiological sahoe solutions 
fd> Necessity of normal osmotic 

pressure 

(e) Boiling point and freezing 
pomt 

IV COLLOTOAL DtaPERSIONS 

(a) Suspensions 

(b) Colloidal dispersions 

(c) Preparation of colloidal dia 

persionB 

(d) Classification of colloids 

(e) Properties of colloidal 

dispersions 

(f) Geb 

V Emulsions 



Rg 1 — 'The Big Four” in Soluttons. Saline Solution, Ringer's Solution, Water, 
Dextrose What general precautions must be token In making solutions? Courtesy, 
Ifnivenify Hospifol, Cfevefond, Ohio 
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I SOLUTIONS, THEIR NATURE AND PARTS 
Meaning of the Term "Solutions”* 

In a typical mixture such as powdered iron and sulfur, it is very 
easy to distinguish one partide from another, while in a compound, 
such as iron sulfide, every particle is alike m composition Inter 
mediate between mixtures and compounds are the solutions Like 
mixtures, they may be made variable m composition, while like 
compoimds they are imiform throughout Everyone is familiar 
with the phenomenon of solution Sugar or salt m water is a good 
example of a solution If you drop a crystal of potassium permanga 
nate into a tall graduated cylinder contairang water you may see 
the slow dissolving of the crystal with the formation of a clear 
purple color, which m time diffuses slowly through the water imtil 
uniformly distributed throughout the cylinder of water If the 



Pg 2— So1«ilion In Iho Molting Ths purple block 
crYstoU wspended n ibe peper Jf rrup |Uj 1 faetovr the 
voter swrfoce slovi/ go Into tolut on After the denser 
soluton settles vhot force couset d ffuslon upwordl 


solution IS diluted it is possible to observe that all parts of the 
mixture appear exactly alike, i e , itis a clear, homogeneous mixture 
Evidently there is a tendency for the particles of a substance in 
solution to distribute themselves uniformly throughout a solvent 
Such a process of dispersion is called diffusion and applies to gases 
as well as to hgmds From these statements a true solution is to he 
considered as a homogeneous mdecidar or ionic dispersion 

Components of a Solution 

In making up solutions water is generally used on account of its 
cheapness, accessibihty, and its property of dissolving many sub 
stances A water solution is i^ten called an aqueous scdutwn, while 
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m an alcoholic solution the solvent is alcohol As matter exists m 
three states solid, liquid, and gaseous, it is possible to form many- 
different kmds of solutions by mixing one form of matter with 
another In any solution the substance which is dissolved is called 
the solute, and that substance m which the solute is dissolved is 
called the solvent, for example, m the solution of sugar m water, 
the sugar is the solute, and the water is the solvent Water is the 
best of all solvents Other common Iiqmds that have great solvent 
power are alcohol, carbon tetrachlonde (Carbona), gasolme (Ener 
gme), and ether It is quite essential that we choose the solvent 
which IS most suitable for the purpose intended For example, m 
removmg grease spots from clothmg we may use gasolme or carbon 
tetrachlonde, if the spot is pamt, we use turpentme, but if the 
spot IS sugar, water does nicely 

SELF-TESTING QUESTIONS 

1 State three waya in which we are continually dealing with solutions 

2 Why u eolution of importance to the nurse'^ To the chemist’ To the 

farmer? 

3 What 15 a eolutioo? Define the parte of e eolution 

II. SOLUBILITY 

Condtiions Affecting Solubility: 

By far the most familiar type of solution is a solid dissolved m a 
hquid For such solutions the extent of solubihty of the solute 
depends upon 

(1) The Nature of the Solute and Solvent The nature of 
both the solute and the solvent has a very defimte inBuence upon 
solution No material is absolutely insoluhle Marble, for instance, 
will dissolve to a slight extent in water. Some substances which are 
but slightly soluble m water are readily soluble m certain other 
solvents Greases and oils show practically no tendency to dissolve 
in water, but they are easily soluble m carbon tetrachlonde, ether, 
gasolme, or tnchloroethylene 

(2) T^e Temperature Generally when we wish to hasten the 
solubihty of a substance we use heat, smce the solubihty of most 
substances mcreases with a nse in temperature On the other hand, 
a few substances decrease m solubihty with a nse m temperature 
This latter condition may be dearly shown by boiling some clear 
hmewater, which becomes turbid as a result of the separation of 
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some of the calcium hydroxide *1116 soJubility of a solute usually 
13 defined as the weight in grams of any solute that will dissolve in 
any given amount of solvent (usually 100 grams of water) at the given 

SOtUBIUTY 


Su&stanee 

Weight dissolved by IQO grams of water at 

0*C 

20* C 

100“ C 

Sodium cblonde 

257 

36 0 1 

39 8 

Potassium mtrate 

13 3 

316 j 

246 0 

Calaum hydroxide 

0185 

0165 1 

0 077 


temperature A study of the above table shows that sodium chlonde 
increases slowly m solubility with a nse m temperature while 
potassium nitrate (saltpeter) increases greatly On the other hand 
note that calcium hydroxide (slaked hroe) decreases m solubility 
Most solids act like the potassium nitrate m their change of solu 
bility with temperature The solubility of gases m liquids is in 
general lowered by a nse in temperature 

(3) Ths Pressurg This is another factor to be considered in 
solubility but mainly as applied to gases, as the solubility of gases 
mcreases with an increase m pressure (Henry s law) Thus m 
waking carbonated drinks, the amount of carbon djoxide dissolved 
will depend upon the pressure as well as the temperature Vana 
tions m pressure do not afifect the solubility of eohds in liquids 

Soving Time <n Moking Sofufrons 
Sometimes it is desirable to hasten the process of solution of a 
sohd, especially if there should be no unnecessary delay, such as m 
the preparation of a solution for a hypodermic injection Tune will 
be saved if the following suggestions are kept m mmd 

(1) Powder the solid finely m order tiiat as much surface as pos 
Bible may be exposed to the solvent, for a sohd dissolves at its sur* 
face only (2) Stir or agitate the mature continuously, so that the 
saturate solution around the sohd may be swept away and thereby 
allow fifesh portions of the solvent to come m contact with the solid 
(3) Heat the bquid if necessary, that Is, provided that heat does 
not cause any change in its chemical properties or mtroduce the 
danger of fire 
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Fig. 3-^ To »ave ^tn■ in moking a Mhrtion powdor 



ConeenfraHon of Soluitons: 

When a solution contains a small amount of a dissolved material 
in proportion to the amount that could be dissolved, it is said to 
be dilute. When it contains a lar^ amount it is concentrated; and 
when it contains all it can normally dissolve at a given temperature, 
it is saturated. As was mentioned in a previous paragraph, it is a 
general rule that the solubility of solids increases with rise in tem- 
perature and so at a Wgher temperature more of the solute will be 
in solution. Now if a solution saturated at a high temperature is 
allowedi to cool to room temperatiue we might expect the extra 
amount of the solute to fall out of solution in the form of crystals 
as the temperature falls. This is generally the case, but sometimes 
when a hot solution is cooled slowly and is not disturbed, no solid 
immediately separates, even though the solution contains more 
solid than it can ordinarily dissolve at that temperature. This 
produces what is known as a supersaturated solution. Crystalliza- 
tion, however, will appear in time if such a solution is aUowed to 
stand or is shaken, for example, often when jams or jellies are made, 
crystals of sugar slowly form after the material has cooled proving 
that the solution was supersaturated. Another familiar example of 
supersaturation often occurs when boilmg down sugar to make 
thick fudge syrups and sauces. At such times avoid stirring, other- 
wise crystals of sugar collected on the sides of the pan during 
evaporation may be scraped off to cause more crystals to form, 
and thus produce a ’'grainy’' consistency. 

Ways of Expressing Exact Concenirafions: 

In using the term "concentration,” we may be referring to one of 
several th^gs, so it & well for us to keep in mind the conditions 
under which we use the term. In medicine, we commonly use the 
term percentage when referring to how much of the solute is in solu- 
tion. This may refer to weight in weight, weight in volume, or 
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volume m volume Smce one gram of water occupies essentially 
one milliliter at room temperature, it is permissible, for conven 
lence, to measure water by volume instead of by weight m preparing 
aqueous solutions. 

The use of per cent for expressing concentrations of solutions is 
widespread m hospital and pharmaceutical practice, hence some 
illustrations will be given A 4 per cent by weight glucose solu 
tion means that there are four parts by weight of glucose m one 
hundred parts by weight of solution One would therefore prepare 
100 grams of a 4 per cent by weight glucose solution by dissolving 
4 grams of this sugar m 96 grams (or ml ) of water 

An important solution m hospital procedure is the physiological 
saline solution which is approximate)y a 0 9 per cent concentration 
of sodium chloride in water To prepare 500 grams of this solution 
the techmaan would reason as follows 

0 9 per cent of 500 grama «=> 009 x 500 =45 grams Therefore 
use 4 5 grams of salt 

600 grams —46 grams = 495 5 grams Hence use 495 5 grains 
(or ml ) of water 

The solution is then prepared by dissolvmg the salt m the water 
to give 600 grams of solution Percentages calculated m this way 
are on a weight weight (W/W) basis 

When both the solute and the solvent are liquids the volume 
volume (V/V) per cent is convement to use because no weighing is 
necessary The 70 per cent solution of alcohol and water used in 
the wards is in the proportion of 70 ml of alcohol made up to 100 
ml with added water 

The chemist often expresses concentrations on a molar basis 
This shows the number of gram formula weights (moles) of solute 
present in one hter of solution A one molar (IM) concentration of 
sodium hydroxide NaOH, fonnula weight of 40 is prepared by 
dissolving 40 grams of this comjiound m suffiaent water for one 
hter of solution Often concentrations other than one molar are 
more useful m practice, and one finds two molar (2M), one tenth 
molar (0 IM), etc 

Chemists also employ normal concentrations when referring to 
the reactive ability of an acid, base, or salt solution A one normal 
solution contains one gram equivalent of the active radical per 
hter of solution For example, a one normal solution (IN) of any 
acid contains enough of that acid m a liter of solution to 3 ne]d 
1 008 grains of replaceable hydrogen A one normal solution of a 
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Fig 4 — Measuring the Volume of o Solutton The volume of a solutoi con be 
measured to one hundredth of o mill ter by use of burets pictured here Con 
you nome some other p eees of laboratory equipmerrt used for meosurmg volumes 
of solutions? Covriesy Kimble Class Company 

base contains sufficient base per bter of solution to provide 17 008 
grams of hydroxyl, while a one normal solution of a salt contains 
as many grams of the negative radical per hter of solution as will 
react with 1 008 grams of hydrogen from an acid Thus equal 
volumes of all solutions of the same normality are exactly equiva 
lent Again, concentrations like 2N, 0 IN, and 0 OlN, etc are 
also used m actual practice 

Notice that molar refers to the concentration of moles of solute, 
whereas normality deals with the concentration of the active 
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radicals of acids, bases, and salts Normal and molar solutions 
must never be confused, for though in some instances they are the 
same, m many cases they are quite different To illustrate, m the 
case of sodium hydroxide (NaOH) a molar and a normal solution 
are of the same concentration, but m the case of sulfunc acid 
(H2SO4) a one molar solution is also a two normal solution The 
foUowmg table will help to bnng out these facts 


Compound 

Formula 

Groms per Liter in a 

Molar 

Solution 

Normal 

Solution 

Sodium Chloride 

NaCl 

58 44 ' 

58 44 

Sodium Sulfate 

No^SQa 

14204 

7X 02 

Hydrochloric Aad 

HCI 

36 46 

36 46 

Orthopboephonc Aad 

H.PO« 

99 OD 

32 67 

Sodium Hydroxide 

NaOH 

40 00 

40 00 

Banun Hydrosde* 

Ba(OH)s 

171 35 

85 68 


A modification of normality for expressmg concentrations of 
very dilute solutions is the milliequivaJeni (mEq ) notation This 
is particularly useful m clmical procedure for statmg concentra 
tions of electrolytes (tons) ui body fiuids and m parenteral fluids 
(See page 465 ) One milhequivalent weight is the one thousandth 
part of a gram equivalent weight Thus one milhequivalent of 
sodium ion is 0 023 grams (23 milligrams) As an illustration, a 
container might be labeled 150 mEq of Na-»- per liter 


SELF-TESTING QUESTIONS 

4 What coc<litioiM aSeci tfaff volubility of a sohd la a liquid? Tlie soJu 

bility of a gas in a liquid? 

5 How may time be eared la mskmg aofutions? 

6 How do you distinguish between the terms dilute concentrated 

saturated and supenaturated solutions^ 

7 What IS a molar solution*’ A normal aolution? Of an acid? Of a base? 

Of a salt’ 


*Ia practice bonum bydrondc is not aoiBcieoUy soluble ui irster to make the 
coacentrations given here 
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III. THE PROPERTIES OF SOLUTIONS 

Diffusion: 

As has been explained, the solute distnbutes itself uniformly 
throughout a solution. In the case of gases, we learned that the 
greater the pressure the greater the eolubiUty We can best imder- 
stand diffusion by comparing it to this Evidently there is a 
pressure set up by a substance as it dissolves As we know, pres 
sures tend to equalize, and it seems that as a substance dissolves 
and sets up a pressure at the pomt of greater concentration, this 
pressure tends to equalize throughout the solvent by forcing the 
particles of the solute to all parts of the solution until there is a 
uniform concentration throughout the solution This mterm ngling 
of two substances resulting from the motion of individual particles 
IS called diffusion Density markedly affects diffusion, and conse 
quently liquids diffuse less readily than gases, while but few solids 
m contact with each other diffuse 

Osmosis: 

Certain membranes will selectively permit solvent molecules but 
not solute molecules to diffuse through them These membranes 
are found in plants and animals, and may also be prepared in the 
laboratory from cellophane, collodion, etc Since they show a 
selective action they are described as semipermeable, or differ- 
entially permeable 

When two solutions of differing concentration are separated by 
such a membrane, the solvent molecules may pass freely through 
the membrane m both directions, but the solute particles are 
prevented from diffusmg through the membrane from one solution 
to the other The term osmosis is defined as the passage of solvent 
molecules through a semipermeable membrane from the solution of 
lesser cancentratjon of solute into the scJuhon of greater concen- 
tration of solute Actually the solvent molecules diffuse through 
the membrane in both directions, but the rate of flow is greater 
from the more dilute solution Thus both solutions tend to come 
to the same concentration The force responsible for this flow of 
solvent, not fully imderstood by scientists, is termed osmotic 
pressure 

As an example, consider two sugar solutions, one a 2 per cent 
solution and the other a 5 per cent solution, separated by a suit- 
able semipermeable membrane A film of collodion may be used 
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Osmosis will take place, and m a given time more water molecules 
will pass frotn the 2 per cent solution into the 5 per cent solution 
than will pass from the B per cent solution mto the 2 per cent 
solution Since the sugar molecules cannot diffuse through this 
membrane, the 5 per cent solution becomes progressively diluted 
by gaming water, and the 2 per cent solution becomes concentrated 
by losing water If conditions permit, the two solutions will 
ultimately attam the same concentration, and are then said to be 
isotonic 

The prmciple of osmosis is very important m many physiological 
processes, such as the assimilation of nutrients, formation of unne, 
maintenance of blood volume and distribution of water The 
prmciple is also apphcable lo many chmcal treatments such as de 
pletion of edema Other interesting examples of osmosis are the 
passage of soluble mineral salts from the soil into plant rootlets, 
the nse of sap in trees, and the swellmg of seeds during germination 

Physiologlcol Saline Solution* 

In the physiological salt solution the solute, sodium chloride, is 
present in approximately the same concentration as are the salts 
in the blood In other words it is a solution that is approximately 
isotonic with the blood in regard to salinity Practice and condi 
tions vary what the concentration must be, but under normal 
conditions it is usually between 0 85 per cent and 0 9 per cent 
sodium chloride 

Rmger’s solufaon, which is used m laboratory work, is supposed 
to contam the salts of the blood m exactly the same proportions 
as they occur m the blood 

A physiological salt solution u used under the following con 
ditions 

1 When the body has lost much dmd, as m hemorrhage 

2 Postoperative shock 

3 When a septic condition exists, as in streptococcus infection 

a ay And iinahle fx* ihe jasaifiy 

sary flmds by mouth 

If the solution contains a greater percentage of salt than the 
blood, the solution is said to be hypertonic, while if it contains a 
lesser concentration it is said to be hypotonic If the concentrations 
are the same, the term isotonic applies 
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Necessity of Normal Osmotic Pressure* 

If placed in hypotonic saline solutions, the red corpuscles will 
begin to swell and finally rupture because of the water passing in 
through the cell wall by osmosis to dilute the more concentrated cell 
contents This dismtegration of the red corpuscles is called hemoly 
SIS, and the blood is said to be laked Hemolysis taking place after a 
salt infusion causes death In a hypertonic salt solution, just the 
reverse process takes place, namely, the hqmd flows out from the 
corpuscles, which then become shrunken or crenated, a condition 
called plasmolysis m plant physiology 

II LO 09 Oa 07 06 05 04 03 02 01 



Fg 5— How hypertonic end hypeJonic »©lvlon5 call*. Th» lobl Ofls el NeO 
in tub«$ C and 0 are about normol or phyj olog eat j that Ii they are itelan c 
with human blood In th«m the red corpuscles reto n the r normal shape and s ze 
The hyperton e solut ons in A and 6 however moke the corpuscles shr vel wh le 
the hypolon c soluf ons f F and beyotrd moke the corpuscles swell (n H in fact 
the swelfng overtaxes the corpuscles ond they rupture Pure water represented 
in tube 1 as 00 per cent NoCI destroys red corpuscles and most other types 
of cells. 


In case of drugs being administered mtravenously, the eSects 
just descnbed must be considered it oftentimes is necessary to dis 
solve the drugs in s physjoIr^raJ itahne snluljon In the rJaanaio^ of 
wounds, a sterile physiological salme solution is used not only on 
account of its mild antiseptic properties but also for the reason that 
the tissues are not changed by <^mosis Thus it is evident that 
solutions used m the body for therapeutic purposes should be 
isotomc to the blood, and intravenous and subcutaneous xnedica 
tions must be isotonic if red cells are not to be destroyed However, 
because of quick oxidation, 10 to 50 per cent solutions of glucose 
are used mtravenously without any apparent damage to the cells 
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There are certain pathological conditions when it is advantageous 
to give a hypertonic solution. For example, in diseases accompanied 
by edema, frequently a concentrated solution of magnesium sulfate 
is given by mouth. In this way the high concentration of salt with- 
draws the fluid from the tissues into the intestine and eliminates 
it through the intestinal tract. 

TTie food we eat is digested, passes into the blood by osmosis, 
and then is carried throughout the body. A familiar example of 
osmosis is the condition which develops when the kidneys become 
diseased and fail to eliminate salt from their tissues. Too much 
fluid passes from the blood into these tissues, which then swell, 
giving rise to edema or dropsy. 

Effect of Solute on the Freezing and Boiling Points of Solvents: 

Besides the property of diffusion, there are other physical 
properties of solutions due to dissolved substances. For instance, 
the boiling point of a solution of a nonvolatffe compound is always 
higher and the freezing point is lower than that of the pxire sol- 
vent. The extent to which this takes place depends upon the 
number of freely moving solute particles present in the solution. Ad- 
vantage is taken of this latter property in the use of radiator-anti- 
freeze mixtures, such as alcohol and water. The lower freezing point 
of a solution is indicated by the fact that the salt water of the 
ocean freezes only near the pol^ where the temperatures are 
very low. 

Any crystalline substance, as it dissolves, will absorb heat. This 
is the principle in the use of salt to melt ice and snow, and in the 
use of ice-salt mixtures to obtain low temperatures. 

SEIF-TESTING QUESTIONS 

8. What is the aigiuficance of osmosia? 

9. What 13 the distinctioo between diffuaion and osmosia? 

10. What causes osmosis? 

11. Wliat is meant by a senupermeabJe membrane? 

12. What importance is attadied to the fact that cell walla are seioi- 

permeable? 

13. What is a physiological salt eolutioa? 

14. Mow ia Ringer'a solution made? 

15. How do you distinguish between the following terms: Isotonic, hyper- 

tonic, hypotonic, plaamolyais, laked, hemolysis? 

16. Under what conditiona are isotonic aalt solutions used? 

17. What causes the swelling associated with edema? With an insect bite? 

16. What change in physical properties of a solvent is produced by a solute? 
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IV. COLLOIDAL DISPERSIONS 

In the true solution the particles of the dissolved substance are 
too small to be seen, and they will never settle out Evidently the 
solute is dispersed as mdividual, fundamental particles, so that the 
true solution is a molecular or tonic dispersion (In the next chapter 
it will be learned that in some solutions the dispersed solute particles 
are electncally enlarged, and are called ions ) 


COMPARISONS OF TRUE SOLUTIONS, COLLOIDAL DISPERSIONS, AND 
SUSPENSIONS 


Properties 

Molecular 

Dispersions 

Colloidal 

Dispersions 

Suspensions 

Approximate diameter of 
particles m millimetefB 

1 

1 


10,000,000 

to 

1 

1,000 000 ““ 


10,000 

Vuibility 


With ultra 
microscope 

With xmcro 
scope or 
naked eye 

Osmotic pressure 

High 

Low 

None 

Relative size of molecule of 
hydrogen and the small 
est particle visible under 
the ultramicroscope, 
about 3,000,000 magnifi- 
cations 

• 


Too large to il 
lustrate here 

Diffusibility and filtrabUity 

Passes through 
membranes 
and filters 

Passes through 
filters but not 
through 
membranes 

Does not pass 
through filters 
or membranes 


Suspensions: 

When particles of very finely divided clay or chalk are dispersed 
in water one observes a cloudy, milky effect If the mixture is 
allowed to stand, the dispersed particles will in time settle out and 
the liqmd portion becomes clear The milky mixture obtamed by 
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the dispersion of the clay or chalk is referred to as a suspension 
Muddy water is another illustration of a suspension, if the water 
IS permitted to stand the dispersed particles will settle to the 
bottom of the container The separation can be accomplished more 
quickly by filtenng 

Colloidal Dispersions: 

Intermediate between true solutioi^ and true suspensions, and 
mergmg mto each, is a type of dispersion m which the particles are 
much too large for the true solution and yet too small for the 
suspension Such a system, which normally never separates, is 
called a colloidal dispersion or, less correctly, a colloidal solution 
The dispersed colloidal particles are either tremendously large 
molecules, like proteins, or they are aggregates of smaller molecules 
which can be viewed as clusters Colloidal particles are in ceaseless, 
random motion when placed m a dispersing medium, yet it must 
be emphasized that the colloidally dispersed material and the 
dispersmg medium are mutually insoluble 

In theory, and usually m practice, all solids and liquids, but not 
gases, can be treated to produce particles of colloidal size and 
these particles can then be dispersed m sobd, liquid, or gaseous 
media to give colloidal systems Smce many solids and liquids 
(metal, acid, base, salt, carbohydrate, fat, protein) can be ground 
up and dispersed in liquids in which they are insoluble, the study of 
this branch of chemistry becomes wide m its scope The table on 
page 107 shows the eight types of colloidal dispersions 

Preparation of Colloidal Dispersions* 

The formation of colloidal particles may be approached m two 
different ways, namely, by dispersion methods and condensation 
methods An illustration of dispersion methods is the use of colloid 
mills and horaogenizers These are machines used for breakmg 
down substances by grinding, etc , to give particles of colloidal 
size Also, certain insoluble substances are readil.v dispersed bv 
the action of reagents which bnng about disintegration or peptiza 
tion into particles of colloidal size Thus, the pepsin of the gastric 
flmd IS effective m dismtegrating protem food to give the colloidal 
peptones In fact, the disintegration of most foods is brought 
about through the presence of certain factors (enzymes) m the 
digestive fluids that disintegrate the food, first into colloidal parti- 
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EIGHT TYPES OF COLLOIDAL DISPERSIONS 


Dispersed 

Dispersion Medium 

Substance 

Gas 

Liquid 

Solid 

Gas (as bubbles) 


Froths Foams as 
whipped cream, 
CO2 dnnks 

Solid foams as float 
ing soap, pumice, 
adsorbed gas 

Liquid (as droplets) 

Fog as clouds, 
spray 

Emulsions as mdk, 
blood 

Jelly, gelatin 

Sobd (as grains, 
films) 

Smoke as 
fumes, dust 

Gels as glue Cel 
lulose as lacquers 
cellophane, ray 
ona, plastics 

Some alloys, colored 
glass, precious 
stones as topaz 


cles, and then finally into molecular dispersions, i e , true solutions 
The use of hot water on gelatin provides a further illustration of 
peptizing a solid to produce a colloid, m this case one which sets 
to a gel 

Methods of condensation for the preparation of coUoids are not 
as common as those of dispersion As an example, colloidal gold 
can be prepared by caosmg gold ions of a solution to come together 
and build colloidal clusters of gold atoms Dispersions of colloidal 
gold in water have sinking colors, the shade of color is dependent 
upon the size of particle 


Classiricallon of Colloids: 

For practical purposes it is convement to classify colloidal dis 
persions which are liquids as lyophdic (solvent loving) and lyophohic 
(solvent-hating) Smce water is so often the medium m which the 
colloidal particles are dispersed, the terms hydrophilic (water- 
loving) and hydrophobic (water-hatmg) are m common usage 

In the hydrophilic colloids the dispersed particles have a great 
attraction for water and consequently this type of colloid is quite 
stable and generally more viscous than water itself Examples 
mclude starch, glues, gums, gelatm, pectm, and agar, all organic 
substances Other hydrophilic colloids appear as semisobds, and 
in this form are known as jells or gefc 
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Hydrophobic colloids are usually more difficult to prepare and 
are much less stable than the hydrophilic types The dispersed 
particles of the hydrophobic colloid show little or no attraction for 
water, and for this reason such 83 istems are mobile liquids which 
have about the same density and fluidity as water The disperaed 
particles are usually morgamc m diaracter as evidenced by such 
examples as colloidal fernc hydroxide, arsenic tnsulfide, and gold 
and other metals Hydrophobic colloids often appear to be true 
solutions, and therefore may be referred to as so/s as differentiated 
from solutions thus, a certam particle size of gold metal dispersed 
m water produces a gold sol which has the color and general 
appearance of a dilute potassium permanganate solution 



f IQ 6— Electron M crotcope Reflect ons of movementi of collo dal particles 
by ute of an electron mlcrojcope whch reveals 100 times more detail than Is 
poss ble with the most powerful Ught microscope The picture of these colloidal 
particles of sico show a mognflcoton of 25 000 d omeiers the diameter of 
on average particle being one m llionth of on inch Courtesy Du font Company 

Properties of Colloidal Dispersions. 

(1) Size op Colloids In general, the vanous properties exhib 
ited by colloids stem from particle aize As already noted, the 
d^petsed particles of the colioui are cxceedin^y smalls tangmg in 
diameter roughly from 1 millimicron to 100 millimicrons (see table 
p 105) A millimicron is one milhonth of a millimeter Colloidal 
particles, like solute particles (molecules ions) of a true solu 
tion, pass through filter paper, consequently, to remove colloidal 
particles, it is necessary to cause them to build up into larger 
aggregates which can precipitate This can be accomplished in 
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various ways. Some colloids owe their permanency to the presence 
of a protecting agent, itself colloidal, and termed st protective colloid. 
Gelatin is an excellent protective colloid: used in the preparation of 
ice cream it surrounds the tiny colloidal particles and prevents them 
from growing and separating. Without the gelatin or some other 
protective colloid, ice cream would contain rather coarse crystals 
of ice and of sugar. Milk used for infant feeding may be made more 
digestible by adding a colloidal protecting agent such as gelatin, 
gruel, or dextrin to surround the colloidal casein particles and thus 
prevent the formation of too large ciurds. 

One approach, therefore, in destroying a colloid is to remove or 
render ineffective any protective colloid present. Later it will be 
pointed out that colloidal particles are electrically charged. Re- 
moving the charge is usually an effective measure for bringing 
about precipitation. 

(2) Dialysis: It has already been mentioned that colloidal 
particles, like the solute particles of the true solution, readily pass 



Fig, 7 — Diolysjj. How colloids ore separoted from crystalloids. Refinement end 
concentration of antitoxin substances by diolysis. Precipitated antitoxic material 
is placed In parchment membrones end suspended in a current of fresh water. 
Undesiroble soluble salts pass through ihe membrane by dialysis, leaving the 
precipitated antitoxic substonces withos die membrane. In o poisoning cose, how 
could the poison be seoorated from the stomach contents? Courtesy, ParIce 
Oavfs & Co. 
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through filter paper. However, a mixture of colloid and noncolloid 
(often termed a crystalloid) can be separated by placing the mix- 
ture in a parchment bag which is surrounded by water. The 
colloidal particles are too large to pass through the parchment, 
which serves as a membrane, but the molecules and ions of any 
dissolved substance diffuse readily through the semipermeable mem- 
brane. As an example, a mixture of starch and salt can be separated 
by this technique. This method of separation is called dialysis 
(di-al'-i-sis). To dialyze, then, means to separate a crystalloid from 
a colloid by the diffusion of the crystalloid through a suitable 
membrane. Food, when colloidal, cannot penetrate the intestinal 
walls and enter the blood. The process of digestion produces 
crystalloids which are readily absorbed. 

In this connection, with the general imderstanding that crystal- 
loids pass readily through cell walls, while colloids are too large for 
this action, one must note that in the living organism there are 
other vital forces at work which may interfere with or modify the 
expected processes. That there is a difi'erence between living and 
dead membranes is shown by the fact that sugar in solution will 
readily pass through a dead or parchment membrane, but will not 
pass directly from the intestine through the intestinal wall. With- 
out doubt, osmosis plays an important part in the passage of body 
fluids and their dissolved substances. 


Fig. 8 — Colloldot Suspenjion of Sutfin*. Col- 
loldol ivifvr is prodp'loled from a sodnnn 
fhlojutfale wluhon by adding o few drops 
of odd. What determines whether the cot- 
loldol portides will appear white oryeflow? 
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(3) Color The degree of dispersion, i e , the fineness of the 
particles, determines the color of many colloids Upon addition of 
a few drops of aad to a very dilute solution of sodium thiosulfate 
("hypo”) it IS possible to observe after a few minutes a white 
colloidal sulfur, and then, after some time, as more free sulfur is 
formed, the color changes to yellow as the larger particles begm to 
precipitate (Fig 8) Likewise, it is the colloidal material in the 
sky and m lakes reflecting and refracting the light rays that causes 
the blue color 

(4) Charged Particles Practically all colloidal particles in 
suspension are electrically charged It is important to note that all 
of the particles of a given colloid will be charged positively or 
negatively Consequently, the particles of a positive colloid attract 
those of a negative colloid and cause precipitation The charges on 
a few common colloids are shown m the followmg table 


Pcsitwe 

Negative 

Albumin 

Starch 

Hemoglobin 

Mucilage 

Hydroxide of Fe Cu, A1 

Silver cblonde 

CoUotdalPb Fe, Cu 

! 

Sibac and 

Oil emulsion 

Indigo 

Prussian blue 

Most powders like charcoal 
and kaohn 


Protem molecules, because of their comparatively enormous 
sizes, do not form true solutions, but instead behave as colloids 
when properly dispersed For each dispersed protem there is a 
point of hydrogen ion concentration (pH, see p 163) of the dispers 
mg medium at which the particles of the protein wiU move neither 
to the anode nor to the cathode when placed m an electric field 
This particular hydrogen ion concentration, expressed as a pH, is 
the isoelectric point of the protem m question At this point the 
protein manifests mmimum dissociation and dispersibility Pro 
terns are positively charged when dispersed in media more acid 
than their isoelectnc pomts, and negatively charged m media less 
acid (more alkaline) than their isoelectnc pomts Therefore, the 
protem of egg albumin, which is negatively charged m alkalme 
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medium, will be precipitated upon the addition of a mercuric salt, 
the mercury providing positively charged ions. 

Since all of the dispersed particle of a given colloid carry the 
same sign of charge they repel, and omsequently a better dispersion 
and a more stable colloid are the result This explains why the 
addition of certain colloids to some of the medicinal preparations, 
such as the use of dextrin in the preparation of Petrogalar and 
emulsions of cod liver oil, gives more stable colloids. 

(5) Adsorption: One of the most characteristic and interesting 
properties of colloids is their ability to take up other substances 
(crystalloids or colloids) on their surfaces by a process called 
adsorption. It has been estimated that 1 ml. of solid material, 
when subdivided into particles of colloidal size, presents a total 
surface area of nearly 6,000,000 sq. cm. This property of the 
enormous total surface area of matter in the colloidal state of 
division is utilized in carbon-containing gas masks for adsorbing 
poisonous gases. It is this same property which accounts for the 
use of charcoal tablets in cases of indigestion. Gases and offensive 
odors are readJy adsorbed by activated carbon and other colloids. 
Another good example of the adsorbing power of colloids is in the 
natural purification of water. The colloids of the soil retain the 
organic matter and the bacteria, and leave the water which drains 
through the soil pure enough to drink. 


Rg 9 — Adierphon. Si/rfectt oditereneo In 
th« dryins of one** face is on illujiratlon of 
adiorption. Courtuy, H Annilrong Koberit, 
Philadelphia 
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The preparation of certain medicines is independent upon this 
property of adsorption, for example, some drugs which are insoluble 
in water can be dispersed in the presence of starch. The particles 
of the drug adsorb starch, and the starch then functions as a pro- 
tective colloid. 

Gels: 

It has already been mentioned that many hydrophilic colloids 
can be prepared as gels, sometimes called jells or jeUies The 
dispersing liquid is retained by the colloid in much the same way 
that a sponge holds water. Freshly prepared soap is a colloid which 
has retained much water. A 1 per cent dispersion of gelatin in 
water will set to a semisolid. Some minerals, such as opals and 
agates, are dried jellies. Another example is pectm, a colloidal 
type of carbohydrate found in unripe fruit, which serves to form 
the supporting structure in making food jellies. In our homes we 
have seen these gels in custards, and in cornstarch and gelatin 
desserts. Frequently, gels, for example custards, will shrink upon 
standing and squeeze out a part of the liquid, a process called 
syneresis The drying of a blood dot (gel) with the discharge of 
serum is an example of syneresis. It must not be thought that water 
is the only liquid used for the dispersion of colloidal matter. The 
alcohol and glycerin used by the pharmacist and the cosmetician 
are examples of other liquids employed in the preparation of many 
colloidal dispersions and gels. 

Many of the tissues of the body are highly hydrated and should 
be considered as gels The protoplasm, which is the fundamental 
material of the cell, is colloidal and exists as a gel (Fig. 10). The 


Fig. 10— Protoplasm Is e Gel. The colloid pro- 
toplasm exists os a gel in the cells of the body. 

Why Is the body able to hold so much water? 

high degree of hydration of the colloidal substam^ in the cell 
accounts in large part for the fact that two-thurds of the weight of 
the body is water. Even the enzymes (en'-zims) which function as 
catalysts in body chemistry are colloidal in character. 





114 


Jnorganic Chemistry 


As stated, the proteins, which constitute the greater part of the 
tissues, possess the property of taking up water • This phenomenon 
IS called imbibition (just the opposite of syneresis) Espeaally is 
this evident m the presence of acids and bases Consequently, in 
diseased conditions of the body when acids are formed the tissues 
"swell” or adsorb an abnormal amount of water In the action of 
a muscle the lactic acid which is produced stimulates changes in 
the water content It is only when the lactic acrd s removed that 
the muscle fiber returns to normal Any local accumulation of acid 
in the tissues, such as resulting from a bee sting, causes excessive 
adsorption of water, thereby producing swelling or local edema 

The importance of colloid chemistry is better appreciated when 
we learn that animal and plant tissues are colloidal m structure 
that our food passes into colloidal condition, and that colloid 
chemistry is closely related to cooking, baking dyeing, and sewage 
disposa) In soiTie areos of study and research we are just beginning 
to realize and appreciate the far reaching implications and epphca 
tions of this branch of chemistry 

V. EMULSIONS 

If water and a little oil, two substances that do not imz, are 
shaken together, small globules of the one remam suspended in the 
other for some time, and the result is a liquid, milky in appearance 
This kind of dispersion is called an emulsion However, the two 
liquids soon separate If a colloidal substance insoluble in both of 
the liquids is added before shaking, a more permanent emulsion 
results The insoluble colloid, called an emulsify mg agent, here acts 
as a protecting colloidal agent, i e , it forms films around the oil 
dropleta, which prevent them from running together A few drops 
of a soap solution will make a permanent emulsion of oil and water 
Salad dressing, for example, mayonnaise, is an emulsion of olive 
oil and vinegar, made permanent by the colloidal yolk of an egg 
Milk is an emulsion of butter fat m water, with albumm and casern 
servmg as the emulsifying agent An emulsion of cod liver oil is 
often used medicinally 

The emulsification of the fats m foods by the bile is of great 
physiological importance since this aids digestion Carron oil, 
which 18 used for bums, is an emulsion of Imseed oil and limewater 

• Within recent years the water adsorbed by proteins and other claaaea of compounds 
as an integral part of tiaaue has been referred to as bound water It has a special 
a rtuficaoce >□ resisting desiccation 
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The oil IS soothing, while the hmewater neutralizes the acid formed 
when the skin is burned Bums are dangerous because of the loss 
of proteins by oozmg from the burned area and the destruction of 
the tissues to form poisons which enter the general circulation 
(See page 779 ) 


SELF-TESTING QUESTIONS 

19 What 13 a auapenaion*^ 

20 What does colloidal chemistry deal with*^ 

21 Why do colloids have special proptxties'^ 

22 What four characteristic properties do all colloids possess*^ 

23 Define and illustrate dialysis 

24 What IS a crystalloid? 

25 Why are colloids used in many pharmaceutical preparations'^ 

26 What 13 a gel’ 

27 What 13 an emulsion’ 

28 How are emulsions made permanent? 

SUGGESTED ACTIVITIES 

I Thought Provoetkg Queotions 

1 How does a solution compare in composition with mixtures and 

compounds’ 

2 What IS the necessity of dnnkmg water’ 

S The boUmg of meat to make broth is based upon what facts^ 

4 Why should a physiological salme solution be made correctly &om 

an osmotic standpomt’ 

5 Given an apparent solution how could you prove whether it was 

a true solution or a colloidal dispersion’ 

6 In what ways are solutions important? 

7 What IS the difTerence between osmosis and dialysis’ 

8 How are emulsions made permanent? Explain usmg an example 

9 From a colloidal standpoint ejphia the preparation of cake 

frosting 

10 How are the properties of a liquid modified by dissolvmg a sub 

stance in it’ 

11 Explain the reason why a dried prune when placed m water gradu 

ally swells to the ortginal size of the fresh Cruit 

12 Would there be a diffnence between dead and hvmg membranes 

with regard to the extent of osmosis’ Illustrate 

13 In boiling meats why does the addition of a httle acid such as 

vinegar or tomato juice make them more tender’ 

14 How would you expect colloidal dispersions to differ from true 

solutions in respect to osmotic pressure’ 

15 In what respect may blood be considered to be a solution’ May it 

be considered to be a coUoad’ Explain 

16 Why does a chemist prefer solutions made up on a 

basis rather than on a percentage basis? 


molar or normal 
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17 One liter of 8 nonnal saline (NaCl) solution contains how many 

grama of salt? How zoany tunes stronger is this solution than a 
physiological saline solution^ 

18 One hter of 0 6M hydrochlonc acid contains how many grama 

of hydrochloric acid? 


bCABOIART TeSITNC OT NEW TeRUS 


solution 

semipermeabte 

colloid 

adsorb 

solvent 

isotonic 

colloidal 

gel 

solute 

hypertonic 

dispersion 

imbibition 

dilute 

hypotonic 

peptization 

emulsion 

concentrated 

hemolysis 

di^ysia 

physiological sabne 

saturated 

laked 

crystalloid 

solution 

supersaturated 

plasmolysis 

isoetectne 

syneresis 

osmosis 

suspension 

hydroplulic 

hydrophobic 


Ill Topics tor Okal or Wiutten Reports 

1 How Sod Purifies Water 

2 The Importance of Oamosis in Plant Life and Growth 

3 Some Solutions Commonly Used in Hospitals 

LABORATORY CHEMISTRY 

Laboratory exercises for this chapter will be found on pages 859 663 
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IONIZATION— THE EXPLANATION 
OF CHEMICAL ACTION IN SOLUTION 


CHAPTER OUTLINE 


I. SOLtmONS CONSUCTING ElBC* 
TRICTTT 

(a) Testing conductivity nf sotu* 

lions 

(b) Aads, bases, and salta— elec- 

trolytes 

(c) Effect of dissolved substances 

on tbe freezing point, boil 
ing point, and on osmotic 
pressure 


(e) Ionization explains electrolysis 

IV Chemical Action in Soujtion 

(a) Effect of dilution on ionization 

(b) Strong vs weak acids 

(c) Strong vs concentrated aads 

(d) Ionization in the fluids of the 

(e) Newer concept of acids and 


II Ionization Thforv 

(a) Ions 

(b) Chenucal activity of electro- 

lytes 

III Elsctron Explanation op Ion- 
ization 

(a) Crystals contain ions 

(b) Difference between ions and 

atoms 

(c) lomzatioD is represented by 

reversible reactions 

(d) Why nonelectrolytes are non- 

conductors 


V. Ionic Reactions 
<a) Teats for ions 

(b) Preparation of an insoluble 

substance 

(c) Reactions which go to 

completion 

(d) Value of the lomc theory 
VI Stains 

(a) Stain removal methods 

(b) Stain removal 

(c) Wet and dry cleaning 

(d) Ousting tbe clothes moth 


Rg 1 — Testing for Con- 
ductivity. Apparatus 
for testing the conduc- 
tivity of a solution 
Note. — I f dry cells ore 
used os a source of cur- 
rent on ammeter will be 
found to be more senrl- 
tive than an incandes- 
cenf fomp fo smaiV cur- 
rents. Why are the 
electrodesusuolly made 
of platinum? 



I. SOLUTIONS CONDUCTING ELECTRICITY 
Testing Conduefivity of Solutions: 

When two copper wires leading from the positive (anode) and 
negative (cathode) terminals of a battery are connected, an electric 
current flows through the circuit thus made. If an incandescent 
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lamp 13 connected mto this circuit, the glowing of the lamp mdi 
cates that a current is passing through the circuit With this ar- 
rangement it IS possible to test the conductivity of vanous solu- 
tions (see Fig 1) If the two electrodes (terminals of the wires) 
leadmg from the battery are placed m distilled water and m solu- 
tions of such diverse compounds as salt, hydrochlonc aad, sodium 
hydroxide, alcohol, and sugar, the lamp m the circuit will bum 
brilliantly m the solutions of salt, hydrochloric aad, and sodium hy- 
droxide, but it will not light m the distilled water, m the solution 
of alcohol, or m the solution of sugar m water 'Hus means that the 
solutions of salt, hydrochlonc aad, and sodium hydroxide are good 
conductors of electnaty Before any deductions are made from 
these experiments attention should be called to the fact that as 
the current is passmg through these latter solutions, bubbles of 
gas are bemg formed This is an indication that some rhsmigil 
change is taking place A change of such a nature involving the 
decomposition of a substance by means of the electric current is 
called electrolysis 

Aeids/ Bases, and Saifs — Eleetrolytes* 

From these experiments we learn that solutions of different sub 
stances in water vary m theur power to conduct an electnc current 
Substances which conduct an electnc current are called electrolytes 
(Greek electron, electnaty -I- lysin, a sphttmg = electnc sphttmg), 
while those which do not carry a current, such as sugar, are called 
nonelectrolytes 


Electnlytea 

Nonelectrolytes 

(Conductors) 

(Noneonducfors) 

Acida 

Pure Water 

Bases 

Alcohol 

Salts 

Sugar 


Smce the fluids of the human body contam aads, bases, and salts, 
’A n?av xee/iiLv wb.y it is dan^Btona ta cocoa m contact 

with any source of electnc current If one stands in water, or even 
m a damp place and makes contact with some source of electnaty, 
such as an electnc switch, or the handle of an electric iron, it is often 
possible to get a “shock ” This diock la due to the electnaty which 
passes through the solution of electrolytes in the human body and 
then by way of the minerals in the water to the ground 
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An interesting and practical appbcation of the conductivity of 
electrolytes in body solutions is the use of the electrocardiograph 
(Fig. 2), an instrument used by the physician for measuring varia- 
tions in the electric current released during the contraction and 
relaxation of the heart. 

To obtain a record of such a feeble current it is necessary to make 
a very close contact between the body and the instrument. This is 
obtained most commonly by using an electrode jelly (salt, powdered 




rig 2 — Ionization Makes This Possible. A direet*writing elecirocordiograph, 
which produces an immediate record of Mie heart's action for the physician, elim* 
inoting darkroom bother and delay, hitherto necessary on the old-type photo- 
graphic electrocardiographs. What importance is attached to variations in the 
cardiac cyelel Courtesy, Sanborn Company. 
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rammmmammmmmmmmmm 

Hinapviiairarjji^HimaHiVi 

iBsaaRBaRBaaaaaBaaaBaaa 

aaaiaaiBBBBBBBBBBBBBaiiaiiigBr 


EiM 


iBBBBlIBBlIBBBlIBBlIBBBlIBBBI 

■BBBBIilBBlIBBBaBBliIBBBlIBBBI 

niBBBIlIBBlIBBnBaBIlBBBIlIBBBI 


tiMBBBBBBBUaBBIUBBBMBI 

BBBBBIBBBIIBBBIIBBBEZ: 

BBBBBBBBBSKBRIBBBBilBBBBB 

" IBBiliBBBtaaBr ~ ' 


fig S-^ermol Human Elaetroeardlagfam Wove* or* teen only during lystolt, 
when either the atna or the ventrlelet ere eentroeiing; when the heort Is Quiescent 
In diastole, waves are absent The record consists of 3 ports or more celled 
' leads." The patient's right hond, left hond, ond left foot ere connected with the 
instrument by separate wires, which ore used successively In pairs. Lead I, Right 
hand and left hand Lead II, Right hand and left foot Lead III, Left hand and left 
foot leads (I and IK are the most common, but die chest feeds ore ofso very widely 
used The three resulting tracings differ In various detods, and their comparison 
adds certOM refinements to elertrocordiogropMc diopnosis. {From Jong & Sorh 
AnaioniY and Physiofagy, F A Oovis Co ) 


pumice, gum, etc.) between the electrodes placed over an artery on 
each arm and left leg, or various positions on the chest, neck, etc. 

The purpose of the discussion thus far m this chapter has been 
to point out that one class of dissolved substances (nonelectrolytes) 
does not conduct an electric current, while the other large class of 
soluble compounds (electrolytes) does allow electricity to pass 
through its solutions 

Effect of Dissolved Substances on the Freezing Point, Boiling 
Point, and on Osmotic Pressure: 

We have learned in the preceding chapter that substances Uke 
sugar and salt, when dissolved in water, will lower the freezing 
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point and raise the boiling pomt of the water Experiment has 
shown that the magmtude of the freezing pomt depression and the 
boilmg pomt elevation is directly proportional to the number of 
solute particles m a given quantity of «oIvent Osmotic pressure 
values are similarly dependent upon the concentration of solute 
particles As an example, 10 grains of sugar dissolved m 1000 
grams of water will produce twice as much change in the freezing 
pomt, boilmg pomt, and osmotic pressure as 5 grams of sugar in 
the same quantity of water 

All nonvolatile nonelectrolytes are equally effective Cane sugar 
(Ci2H220ii), glycerm (CaHsOa), and urea (CO(NH 2 ) 2 ) are non 
electrolytes and have gram molecular weights of 342 grams, 92 
gr ams , and 60 grams respectively If one prepares solutions by 
dissolvmg a gram molecular weight (one mole) of each of these 
nonelectrolytea in 1000 grams of water, it will be found that for all 
three the freezmg pomt of the water is depressed by the same 
amount, namely 1 85® C Also, the boding pomt of the water is 
elevated by 0 52® C , and the osmotic pressures developed by the 
solutions are the same The reason for this identical behavior of 
the nonelectrolytes becomes clear from Avogadro’s law, which 
states that gram molecular weights of all nonelectrolytes contain 
the same number of molecules Notice that these effects do not 
depend upon the kind of dissolved particles, or upon their weight, 
but only upon the number of particles Thus 342 grams of cane 
sugar (one mole) and 60 grams of urea (one mole) contain the same 
number of molecules 

In the case of electrolytes, when compared to nonelectrolytes, 
the changes produced m the freezing pomt and the boding pomt of 
water are more marked Thus, a gram formula weight (one mole) 
of sodium chloride, 585 grams, when dissolved in 1000 grains ot 
water, lowers the freezmg pomt and elevates the boding pomt by 
anicKmtsaiaiasttwTC»tirosei7nx?acedi!jyjianetectmi'ydes' Jnoitfer 
to explam the abnormal behavior of electrolytes m solution, as 
compared to nonelectrolytes, and to account as well for a number of 
other important properties of electrolytes, for example, electncal 
conductivity, an ionization theory has been developed 

SELF-TESTING QUESTIONS 

1 What 13 an electrolyte’ 

2 What classes of substances are electrolytes’ 

3 Why may you get an electric shock’ 
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4 How la common salt used us electrocardio^aph work? 

5 What three effects in the properties of solutions are produced by dis 

solved substances? 

6 A change in the properties of a solution of a nonelectrolyte is due to 

wbat'^ 

7 What IS a gram molecular vreight? 

ir. IONIZATION THEORY 

Ions* 

It has been pointed out that all nonelectrolytes when used m the 
same concentrations have the same effect m depressmg the freezmg 
pomt and elevating the boilmg point of water, and in developmg 
osmotic pressures Also, the magmtudes of these effects are deter- 
mined solely by the number of particles in solution Smce electro 
lytes produce greater changes than nonelectrolytes, it is evident 
that one gram formula weight (one mole) of an electrolyte must 
provide a greater number of particles than does one gram formula 
weight (one mole) of a nonelectrolyte 

Sodium chloride, NaCl, is a typical electrolyte, and it has been 
already stated that this substance is an ionic compound, i e , the 
fundamental particles of structure are sodium ions and chloride 
ions Therefore, a water solution of sodium chlonde contains no 
molecules of the salt, but, instead, wandering sodium ions and 
chlonde ions are present '!^e total number of ions m one mole of 
sodium chloride is twice the number of molecules m one mole of 
any nonelectrolyte If one dissolves one mole of sodium chloride 
in 1000 grains of water, jt would be expected that the solution 
would freeze not at —1 85” C , but at twice this value, or —3 7* C 
By experiment the freezmg pomt is found to be — 3 3® C , not qmte 
as low as to be expected This is due to the fact that the ions, 
particularly m the more concentrated solutions, are not entirely 
free to act as mdividual, unhampered particles The word ion is 
derived from the Greek language, and means “wanderer “ 

The foUowmg ionic equation brings out the fact that a gram 
formula weight of sodium chlonde provides twice as many particles 
as a mole of any nonelectrolyte 

Na+CI -> Na+ + Cl' 

lon e compound Soduni on Oilerido ion 

Sodium hydroxide, like sodium dilonde, is an lomc compound 
No+OH + OH- 

lenc compound Sedim hn Hfdroxyl hn 

Sulfunc acid is a water solution of a molecular type of compound, 
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called hydrogen sulfate, H0SO4 In water this compound ionizes 
in two stages 

HjSO* H+ + HSOr 

Molenlar Hydrogen Bisulfale 

compound Ion ion 

HSO 4 - ^ 4- SOr 

Sutfate ion 

The double arrow indicates that the reaction is reversible, i e , 
tvro opposmg processes are going on at the same time, and con- 
sequently both 10ns and molecules will be present as solute par- 
ticles Seldom do all of the molecules m solution dissociate into 10ns 

Ions are electrically charged particles, and may be charged 
atoms, or charged groups of atoms called radicals The number of 
charges on an ion corresponds to its valence It is the ions which 
carry the electnc current between the poles, or electrodes, in solu- 
tions of electrolytes Ions, regardless of type, have the same effect 
on the freezmg point, boihng pomt, and osmotic pressure as do 
molecules Notice again, it is the number of solute particles, not 
kmd, that determines the magmtudes of these three properties 
of solutions • 

Chemical Activity of Electrolytes: 

From the previous paragraphs it is to be noted that electrolytes 
are of two broad classes, those which m pure state are ionic com- 
pounds (sodium chloride, pKitassium mtrate, sodium hydroxide, 
etc ), and those which are molecular in character, but which dis 
soaate to varying degrees m water to give ions For the latter it 
must be understood that the lomzation is caused by the solvent, 
usually water, and not by the electnc current The discussion at 
the beginning of this chapter was used to show that some solutions 
conduct the electnc current by reason of the ions moving m an 
orderly direction between the two electrodes Some molecular 
compounds ionize more completely than others, and water is con 
sidered the best lomzmg solvent In a concentrated solution the 
molecules of such an electrolyte are dose together and unable to 
dissoaate mto a great many 10ns because there is always a tendency 
of the 10ns to urate and form molecules Consequently, dilution 
aids ionization up to a certam pomt because m dilute solutions the 
ions meet each other less frequently as they wander about and are 

* The extent of ionisation depends not only on the solution but also upon the physical 
state for example melted NaCl. but sot solid NaCl can be electrolyzed The tempera 
ture also affects ionization, smce some gases are ionized at high temperatures 
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less apt to unite to form molecules Since chemical reaction is greater 
between ions than molecules dilute solutions bring about chemical 
changes more rapidly and completely Many compounds which 
ionize readily in water do not ionize when dissolved in other hquids 

From a physiological standpomt the action of the different ions 
13 of great importance in the hfe processes of the body It is the 
ions of dissolved electrolytes that produce osmotic pressure in the 
cells and thereby regulate body functions In the blood it is the 
ions of calcium on the one hand, and the ions of sodium and po 
tassium on the other, which account for the contractmg and relaxing 
of the heart muscle The general functions of inorgamc ions in the 
hvmg body tissues are to (1) contribute to the building and repair 
of tissues, (2) influence the contraction of muscles and untabihiy 
of nerves, (3) help maintain the osmotic conditions, (4) be largely 
responsible for the aadity and alkalinity of digestive juices, and 
(5) insure normal chemical reactions 

SELF-TESTING QUESTIONS 

8 What u an ion? 

9 How doea the electne charge on an ton compare with ita valence? 

10 What produces the freely moving lona*^ 

11 How doea the effect produced by a molecule m solution compare with 

the effect produced by an Ion m solution^ 

12 Why ts It generally better to work witb a dilute eoluCtoo? 

13 Illustrate by an example the meaning of a nondissociatiog liquid 

14 In solutions of electrolytes what are the reacting particles^ 

15 ^Vhat are the various functions of the ions m the body cells'' 

III ELECTRON EXPLANATION OF IONIZATION 
Cryslols Confain Ions 

How does the electron theory cxplam the formation of the ions 
of sodium chlonde*^ From a study of the ongmai atoms of sodium 
and chlorme (Fig 4) it may be noticed that when the outer shell, or 



Sod um atom Chtor tie otom Sod um ion Chler de Jon 


Sod um chlo de Na-^, Cl 

Fg 4 — Formot on of Sod um Chtorde EqM electrons n the outer shell produce 
o sof sfed or stable cond tion 
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valence electron, of the sodium atom moves over to the chlorine 
atom, the sodium atom is left with an extra positive charge and 
consequently becomes a sodium ion, Na+ At the same time, the 
gam of an electron by chlorme makes the chlorine atom become a 
chlonde ion. Cl- The sodium chloride formed has a stable electron 
structure, there being eight dectrons m the outer shell of each ion 
Compounds like sodium chlonde formed by an exchange of electrons 
are often called ionic compounds From this it is evident that 
crystallme sodium chlonde is in reality made up of sodium ions and 
chlonde ions, which are held together by their electncal attraction 
This type of valence holding ions of electrolytes together is 
called electrovalence Similarly, all crystallme electrol3^ are com 
posed of ions, and therefore it is not necessary to dissolve crystals 
to get ions It IS only when crystals are dissolved in some dissoci 
atmg liquid as water, or melted, that the valence forces are over- 
come, and the ions are free to move about 

Difference between Ions and Atoms: 

As just stated, when the outer shell of an element is completed, 
that IS, when there is no tendency to lose or gam electrons, the 
atom become stable In other words, chemical activity la then 
greatly reduced Examination of the diagram of the sodium ion 
shows that a stable condition of eight electrons exists m the outer 
shell This may explam why the sodium ions are inactive in water, 
transparent, and nonpoisonous, while the sodium atoms react 
vigorously with water, and are poisonous At first thought, it is 
hard to understand why the properties of an atom differ so much 
from the properties of an ion However, the chemical activity of 
an element is measured m terms of the ability of its atoms to gam, 
lose, or share electrons Chlorine, for example, is reactive because 
each of its atoms has a great aflBnity for an electron to complete and 
th& outer abel' 

Ionization Is Represented by Reversible Reactions: 

We may now have some idea of the behavior of an electroljrte 
when m solution The following equations show the lomzation or 
the dissociation of typical aads, bases, and salts 
Acid HiS04p*H+-bHS04- 

Moleeular 

H504-riH++S0r 
Base Na+OH-5*Na+-bOH- 

lonk 
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Son No+a--±N0++a- 

lonle 

The double arrows m the first two equations indicate that the differ 
ent kinds of ions reunite when water is removed Not all of the 
molecules ionize and consequently there are both positive and 
negative ions and undissociated molecules present As the ions 
and molecules move about m solution some of the positive and 
negative ions unite to form molecules, while other molecules are 
dissociatmg mto ions Soon, however, an equilibnum is reached, 
and the percentage of ions and molecules m the solution remains 
constant Such reactions, which can go m either direction at the 
same tune, are called reversible reactions It will be noticed agam 
that the number of electnc chaiges an ion bears is the same as the 
valence Also, it is noticeable that some compounds, hke H2SO4, 
form more than two ions, and lomze m stages 

Both sodium hydroxide (NaOH) and sodium chloride (NaCl) 
are ionic compounds In water the ions of these crystalline solids 
are pulled apart and become free to move about Occasionally, 
particularly m the more concentrated solutions, ions of opposite 
charge collide and form what might be called a “cluster” of 10ns. 
In the examples used here the simplest clusters would be (Na-^, 
CI“) and (Na+’i OH") In the clusters the charges become more or 
less satisded hence m this form the ions have a reduced chemical 
activity In equations of ionization, where the solute is an ionic 
compound, the double arrow signifies equilibnum between free ions 
and ion clusters 

Why Nonelectrolyles Are Nonconductors* 

The question might well be asked, “Why do nonelectrolytes not 
ionize*^” Thus far m this chapter we have been concerned with loss 
or gam of electrons to give ions Atoms can also share electrons 
with each other, so that both acquire complete outer shells It has 
been stated repeatedly that several gaseous elements exist as two 
atoms per molecule (O2, H2, Ch, etc ) In the case of the chlorme 
njcillscule (Fig Jiy P of the two atoms shares one of ots 

electrons with the other, and in that way completes the orbit of 
each, thus fonmng a molecule of chlorme This type of valence 
holding the atoms of nonelectroJytes together is called covalence, 
and the compounds are known as covalent compoimds 

The atoms of a compound radical are held together by covalence, 
and consequently radicals do not separate into mdividual 10ns as 
can be noticed m the case of sodium hydroxide 
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.. «l«ctrovalent ^ eovatant ^ covalent .. 

Na — r — : — O — — 7“ H Na+4- O — — 7- H 

bond bond * bond 

tonic compound on Ion (rod cal) 

When shared electrons belong as much to one atom of an element 
as another, it is impossible to form 10 ns, consequently, we conclude 
that nonelectrolytes may dissolve, but not ionize, because of the 
shanng of electrons This property of atoms of nonelectrolytes to 
share electrons further helps us understand why nonelectrolytes are 
chemically less active 

Smce valence depends upon the number of electrons in the outer 
shell of the atom, a bnefer method of showing shared electrons is to 
drop the inner shells, wnte the symbols of the atoms, and surroimd 
the symbol of each atom by pair^ dots Each pair of dots then cor 
responds to the number of pans of electrons shared, and each pair 
represents a valence of one The chlonne atom is mdicated as 

Cl 

The chlorme molecule which contains two atoms with the two 
atoms sharing a pair of electrons, and each atom having six un 
shared electrons to complete lU orbit, is represented as 

Cl a 

The diagrammatic formulas of the followmg nonelectrolytes, 
CH4, CO2, and CH3OH further show how shared electrons exist 
between the respiective atoms of covalent compounds 

The carbon atom m CH4 shares four pairs of elec 
trons with the four H atoms to form a molecule of 
methane, and has a valence of four 

The carbon atom m CO2 shares four pairs of elec 
trons with the two atoms of oxygen to make a mole- 
cule of carbon dioxide 

The carbon atom m CH3OH shares four pairs of 
electrons, three with the three H atoms and one 
with the O atom Another pair is shared between 
the 0 atom and the H atom attached to it 

It must not be concluded that all of the molecular structures 
which result from atoms shanng electrons are nonelectroljdes 


H C H 
H 

Methane 

O c o 

Carbon 
D oxide 

H 

H C O H 
H 

Wood alcohol 
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When electron pairs are not reasonably equally shared by atoms 
m molecules the molecules are polar, and varying degrees of lomza 
tion will take place in water Thus hydrogen chloride, a gas, con 
sista of molecules m which the hydrogen atom and the chlonne 
atom share a pair of electrons Hie sharing is not equal, however, 
smce the chlonne has a greater affinity for electrons than does 
hydrogen When the hydrogen chlonde is dissolved in water, the 
hydrogen is pulled away from the chforme the pair of electrons 
staying with the chlorine, this produces ions 


\ wat«r ^ 

Mo)«eut« 


+ Cl- 


lonization Explains Electrolysis 

You have learned that when an electnc current is passed through 
a solution of an electrolyte, chemical action takes place Now we 
shall see how the ionization theory helps us understand reactions 
that take place in solution It will be remembered (page 124) that 
when sodium and chlonne unite, the sodium loses an electron (6) 
to the chlonne, thus the sodium atom becomes an ion with a 
positive charge and the chlonne atom an ion with a negative 
charge These oppositely charged ions are held together by mutual 
attraction and form electrically neutral sodium chlonde, however, 
upon bemg dissolved m water, the force holdmg the ions together 
IS overcome, and they separate to wander around in solution, 
No+CI-?iNa+ + C|- 

the chlonne retammg the electron received from the sodium atom 
The sodium ion is then positively charged and the chlonde ion is 
negatively charged The water present is also ionized only to a 
slight degree howner, as expressed m the foUowmg equation 

HOH5=i + 

When the current of electnaty is passed through this solution 
both the and Na*’ are attracted to the cathode (negative elec 
trode) Smce the is more easily discharged than the Na-*-, each 
H"*- takes up an electron and becomes a hydrogen atom 

The hydrogen atoms pair off as mcdecules to produce hydrogen gas 
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In a like manner the negatively charged OH~ and Cl” are at- 
tracted to the anode (positive electrode) where the chloride ion 
which is the more easily discharged of these anions gives up an 
electron to form a chlorine atom: 

The union of chlorine atoms forms molecules of chlorine; these 
then dissolve in the solution to some extent, but largely escape as 
a gas. 

2 Cr-fCls 

The accumulation of Na+ and OH” in the solution as the electrol- 
ysis progresses provides sodium hydroxide (lye) which is another 
product of the electrolysis of sodium chloride solution. The electro- 
lytic process which has been described is an important commercial 
method for the manufacture of chlorine and sodium hydroxide. 
The hydrogen which is produced may be burned in the chlorine 
to obtain hydrogen chloride for the preparation of hydrochloric 
acid. 



Other examples of equations for ionization and electrolysis follow: 

I. Ionization: H^^-f-HSOr 

Hsor ^H+-hsor 

II. Electrolysis of water whidi contains a little sulfuric acid* 

a. At the cathode ( — ) H+ e— ^ H° 

then 

2 

b. At the anode ( + ) OH”— t OH® -h e 

then 

4 0H°-^2HsO-l-Ojt 
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The hydroxyl ion is more readily discharged than the sulfate 
ion hence m the electrolysis of extremely dilute sulfunc aad 
only water is decomposed 
I Ionization Cu+-^SO«“ Co++ + so- 
il Electrolysis 

a At the cathode { — ) Cw++ + 2e — ► Cu® 
b At the anode ( + ) same as b, on p 129 
In the electrolysis of copper sulfate solution, the copper deposits 
on the cathode If copper electrodes are used copper is taken from 
the anode into solution as copper ion 

Co->Cu++ + 2* 

This transfer of copper metal from the anode via the solution to 
the cathode explains the general principle involved m electroplating, 
and eleclrorefining of copper 

From the foregoing explanations it is evident that electrolysis is 
a process in which an electrolyte m solution is chemically changed 
by the energy of the electric current 

SEl^>TE$7IN6 OUESTIONE 

16 What la a valence electron? 

17 What la a atable electron stmctvire^ 

18 Are lona present m crystalline compounds? 

19 What two conditions will liberate ions of an alectmlyte? 

20 When u an element uactivo? 

21 How can you account for the dUTerence m the properties of an atom 

and an ion? What u a reversible reaction? 

22 In chemical reactions when do atoms form covalent compounds? 

23 Why do not some compounds ionize'^ 

24 Why are certain covalent compounds not very active in solution? 

25 What 18 the meaning of pair of electrons shared 7 

26 Why do molecules bke HCl form ions in water solution'’ 

27 Bzplain the electrolysis of sodium chJonde 

28 What 13 electroplating? 

29 Explam the electroplating of copper by use of the lomzation theory 


IV CHEMICAL ACTION IN SOLUTION 
Effect of Dilulion on Ionization 

Aa has been noted, the greater the number of ions present, the 
better the solution will conduct the electnc current If we start with 
a faurly concentrated solution of a molecular compound which is 
capable of ionizing and begm to dilute the solution we find that the 
conductivity increases up to a certain point This means that 
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m fairly concentrated solutions only a part of the molecules are 
dissociated mto ions, but with mcmasmg dilution more and more 
of the molecules ionize Of course, a point is reached where further 
dilution produces no more ions since there are no more molecules 
to ionize For solutions of ionic compounds, where there are no 
molecules the ions interfere with one another m the more concen 
trated solutions As the solutions are diluted the ions act more 
and more independently In general, compounds react better m 
dilute than m concentrated solution as evidenced by the fact 
that concentrated sulfunc acid has but httle effect upon zinc imtil 
the acid is diluted with water Dilution and consequent lomzation 
overcomes the slow reaction rate The effect of dilution may also 
be ^own by the foUowmg experunent Place a small amount of 
soap powder or shavmgs m a tali graduated cyhnder (1000 ml ) 
Cover with about 100 ml of alcohol, add a few ml of phenolphthal- 
em indicator, and shake for several mmutes in order to dissolve 
some of the soap The indicator always turns red in the presence of 
hydroxyl ions (OH“) , which are not m evidence at this stage of the 
experunent Add water in 100 ml amounts, shaking weU after each 
addition Soon a famt pink color predommates, showing that with 
increasmg dilution the molecules of the soap, which first dissolved, 
are beguuung to produce hydroxyl ions through their hydrolysis 
The color deepens and deepens with increasmg dilution imtil a red 
color IS produced 

Agam to illustrate the effect of dilution on lomzation, we find 
that glacial acetic aad does not conduct the electric current, but if 
the acid is diluted with water the current will fiow through, showmg 
that dilution ^produces ionization and therefore conductivity 

Strong vs. Weak Acids* 

In the followmg chapter it will be shown that all acids produce 
hychogen ions in sohxtion, a fact which accounts tor the sour taste 
and other characteristic properties of acids From this fact, by 
apphcation of the ionization theory, it is evident that the greater 
the number of H+ ions m solution the more pronounced are the acid 
properties The common acids, HCl, HNOa, and HaSOi, ionize 
more than other acids and are, therefore, called strong acids In 
other words, strength means the degree of ionization whether apphed 
to acids or bases Acids, like carbomc (H2CO3), acetic (H C2H302), 
and bone, (H3BO3), are weak in comparison to the above mentioned 
common acids, because they do not ionize to any great extent to 
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release hydrogen :ons In fact, we use dilute acetic acid (4 per cent) 
as a vinegar m our foods, citric acid in lemonade, carbonic acid as 
soda water, and boric acid as an eyewash There are many com- 
pounds bke acetic aad, the water solutions of which do not contam 
many ions The molecules of such compounds are mostly covalent, 
that IS, they contain shared electrons between the atoms, only an 
occasional electron being gained or lost where there is an mequality 
of sharmg Thus, in the jwrtialJy structural formula of acetic acid, 

o o 

II 4 . II 

CH,— C— O — + CH«— C— O 

Melaculor Acetate 

acatcedd len 

all bonds, except the one indicated by the vertical arrow, are 
strictly covalent The bond identified by the arrow, however, has 
some electrovalent character This means that occasionally a 
molecule of acetic acid ionizes at the point indicated to give hydro 
gen ion and the negative acetate ion In many cases where there 
IS not sufficient solubility the concentration of ions will necessarily 
be low, and such compounds are weak and inactive chemically 

Strong vs Concentrated Acids* 

Often the term “strong acid” is used when the term “concen- 
trated acid” should be employed Strength refers to the percentage 
of free H'*' ions and not to the concentration of the acid molecules, 
which are generally inactive The most concentrated aad has the 
least amoimt of water present, and, therefore, cannot have many 
ions present Concentrated sulfunc aad usually contains 95 per cent 
of HaSOi, while concentrated hydrochloric aad contains about 37 
per cent of HCl The sulfunc aad, then, is the more concentrated, 
while the hydrochloric aad is the stronger of the two in that it 
has a higher concentration of free hydrogen ions Just as there are 
siixaig snd jreialf so iheie are strcaig and weak hasef^ the 
strengths of bases bemg deterramed by the concentration of OH~ 
ions A comparison of the degree of ionization of acids of the same 
molecular concentration (1/10 normal*) is shown in the following 
table 

* Nomial acid toIutioD coataina ooe gram equivalent of hydrogen per liter 
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Under the same conditions, 100 molecules of 


Hydrochloric acid (H*, Cl~) . . 
Nitric acid (H'*', NO3"). . . 
Sulfuric acid (H+. HSO 4 -) . 
Sulfurous acid (H+, HSOa~) 
Acetic acid (H*, CjHsOa") 
Carbonic acid (!!■*■, HCOa"') 
Hydrosulfuric acid (H*, HS“) 
Bone acid HaBOj”) . 


. .will yield 92. H ions. 
“ “ 40. “ “ 

<i U QQ7 4 . 4. 

44 44 Q QJ 44 44 


Since practically all salts are ionic compoimds, we do not speak 
of salts as strong or weak. Most soluble salts show a high concen- 
tration of free ions, the percentage in a N/10 (1/10 normal) solution 
ranging from 65 per cent to 85 per cent. 


Types of Salts 

Per cent of Dissociation (free ions) 

in N/10 Solution 

M+»A-> (e^.NaCl) 

65 to 86 

M+*A-i {e^., BaClj) 

72 to 77 

Ma+JA-* (eg.NajSOi) 

70 to 73 

M+aA-» , MgSO*) 

50 to less 


Ionization In the Fluids of the Body; 

The ionization of solutions of acids, bases, and salts in the ali- 
mentary tract is illustrated by poisoning from bichloride of mercury. 
The water passes by osmosis from the tissues, dilutes the bichloride, 
causes more ions to be formed, and thereby hastens the chemical 
action in the tissues. Since ionization increases with dilution, a 
small dose of a poison is dissolved, ionized, and more quickly ab- 
sorbed than an overdose. All metallic ions are quickly absorbed 
but slowly excreted, as most of them form insoluble compounds 
with the protoplasm. Lead acetate forms an insoluble protoplasmic 
compound, and for this reason it is used as an astringent. Salts of 
sodium, potassium, calcium, and magnesium are normal constitu- 
ents of the fluids in the body and are therefore much used in 
medicines. They are seldom toxic and excretion is more rapid 
than absorption. 

A Newer Concept of Acids and Bases: 

In the theory of ionization just presented, adds and bases in 
water furnish H+ and OH- ions respectively, but Bronsted (1923) 
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and hi3 co workers found that aads and bases are active m non 
aqueous solvents m which they could not lomze These discoveries 
have led to new definitions for acids and bases 
According to the Bronated theory a proton (H+) never exists 
free m water or in other media, but combines with the solvent 
molecules Thus with water the proton of an acid forms HaO'*’, 
called the hydronium ion, a hydrated hydrogen ion (usually repre 
sented as H+) 


HCI + HjO H3O+ 


An acid is defined as a proton donor, strength bemg determined 
by the extent of proton transfer 

Conversely, a hose w a proton acceptor This means that many 
molecules, as H2O and NH3, and ions, such as OH~ 0-, S“ CN-, 
HCO3-, COa* SOa”, are bases 



Na+HCOj- + C|- NoCI + 2 H2O + COj 


With this somewhat recent view of a proton (H+) the theory 
of lomzation now is modified as follows 

1 Active acids (HCI, H2SO4) m water change almost instantly 
mto ions, whereas moderatively active aads (H2S03> H3PO4), or 
slightly active acids (H2CO3, HC2H3O3) are less completely ionized 
because their action with water is reversible For example 


HCjHaO* + H,Oi=i 


H,0+^ + CtH,02- 
Hydranluin Acelat* 


2 Active bases (the alkahes) and most salts are completely lomzed 
even in the crystallme state since they consist of ions arranged 
alternately withm the crystals Consequently m aqueous solution 
or the melted state the crystals are broken down mto freely movmg 
ions Thus m the process of dissolving, the ions of active bases 
provide hydroxyl 10ns (OH ) which are hydrated just as are the 
hydrogen 10ns (H+) 

When metallic hydroxides as NaOH, are placed in aads, the 
proton transfers from acid molecules (or H3O+ ions of dilute acids) 
to hydroxyl 10ns of the metallic hydroxide to form water, e g , 
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Hci + Na+OH- -f Na+Cr + HaO 
H+ 

H3O+ + OH- -4 2 H2O 

Neutralization then could be represented as follows 

H3O+ + OH 2 H2O 
H3O+ + S“ ;=i HS- + H2O 
H3O+ + CO3- HCOa- + H2O 

The mam reason for denying the existence of H+ ions is that the 
electron theory mdicates the hydrogen atom is composed of one 
proton and one electron, and m an ionization reaction it must lose 
an electron m order to have a positive charge Therefore 10ns 
must be protons moving mdependently m water solutions of acids 
Hus IS hard to believe It seems more logical that the protons 
become attracted to water molecules, and experimental evidence 
now supports this newer concept 

Smce Bronsted’s concept of aads and bases has not been used 
consistently m general chemical literature it seems sufficient merely 
to mtroduce the theory at this tune Even though the activity of 
all acids is due to hydroniura 10ns (H3O+), for convenience we more 
often use as a general symbol to measure any acid, and OH 
to represent any alkali 

SELF-TESTING QUESTIONS 

30 What IS the effect of dilution upon ionization'^ 

31 What IS meant by a strong acid^ 

32 What 18 meant by a strong base‘s 

S3 Why are some acids or bases weai^ 

34 How does strength differ from concentration^ 


V. IONIC REACTIONS 

Tests for Ions* 

Sometimes a student is required to make a test for substances m 
solution Usually an insoluble solid is formed as a precipitate 
Qmte frequently a recognizable gas is liberated, and often a defimte 
color IS produced To illustrate preapitation, suppose we wish to 
make a test for the chloride ion The substance generally used for 
this test IS a solution of silver nitrate, smce it reacts with a soluble 
chloride to form white insoluble silver chloride 
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or simply, 


Ao+NOa- Ag+ + NOa" 
Na+CI- s=i Cl- + Na+ 
Ag+NOa- + Na+CI- AgCI i + Na+NOa" 

Iniolvbla 

Ag+ + a--fAgCli 

Imolubta 


Preporation of an Insoluble Substonce: 

In the ionic reaction just discussed the silver chloride, bemg an 
insoluble solid, separates out of solution We might have predicted 
that the silver ion and the chloride ion would have formed an 
insoluble substance if we had consulted the solubility table If we 
turn to this table, page 778, and glance down the left vertical 
column we find Ag Horizontally, to the right of Ag, we soon notice 
an I Upon raising our eyes to the top of the vertical column con 
tainmg this I we observe Cl The I means insoluble, and therefore 
indicates that positive silver tons and negative chloride ions m the 
same solution would form an insoluble substance A soluble silver 
salt then is used in testmg for the dilonde ion but not for the 
chlorine atom For example, potassium chlorate contams the 
chlorine atom, but will not react with the silver ion to form silver 
chloride 

Ag+NOa- rs Ag+ + NO3- 
K+CIO3- vt CIOj- + K+ 

Ag+NOa- + K+CIO3- s- AS+CIO3- + K+NO3- 

It will be further noticed m the solubihty table that this compound, 
AgClOs, is soluble as evidenced by the W which means water 
soluble It is quite evident then that the solubility table serves as 
a means of indicatmg what combmations of ions will form soluble 
or insoluble substances As a further aid in testing, it quite fre- 
quently happens that the insoluble substances formed are colored 
In a previous paragraph, it was stated that all aads have com 
mon properties, smce they provide the common hydrogen ion The 
color of many salt solutions is due to one of their common 10 ns For 
example the green sohd CuCl?, or the dark brown sohd CuBra m 
dilute solutions is blue, because of the common cupnc ion Cu++ 
So it IS that any solution containmg the same common ion (OH~, 
C1-, SOi”, etc ) generally reacts m tiie same way and responds to 
certam speafic tests 
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Reactions Which Go to Compfetion: 

In some of the equations presented m this chapter the double 
arrow has been used to mdicate that these reactions "work back- 
ward,” 1 e , they are reversible Both the direct and reverse re 
actions continue simultaneously m a state of d 3 mamic equihbnum 

For those reactions which go to completion, only one arrow is 
used m the equation, and pomted in the forward direction Here 
one or more of the products formed must leave the field of the reac 
tion as (1) insoluble (2) volatile or (3) un ionized Examples of 
these t 5 Tpes are given in the following equations 

Ag+NOa- + Na+CI" -t No+NOa" + AgCI^ [insoluble) 
Na+HCOa“ + H+Cl Na+CI + HjO + COst IVoiatile) 

Na+OH + H+NO N«+NO r + HjO (Und ssorfofed) 

Value of Ihe Ionic Theory: 

The theory of ionization is a practical aid m helpmg to explain 
many chemical reactions which take place m solutions of acids, 
bases, and salts Thus far, the theory has given a fairly satisfactory 
explanation of the foUowmg facts 

1 The abnormal efi'ect of electrolytes as compared to nonelec- 

trolytes on the boiling point, freezing point, and the osmotic 

pressure of solutions 

2 Electrolysis and electroplating 

3 The greater chemical activity of electrolytes as compared with 

nonelectrolytes 

4 Different strengths of acids and bases 

5 Prediction of the behavior m «>lution of substances yieldmg 

a common ion 

In addition to the above facts, advanced chapters will consider 
other important ionic reactions such a neutralization, replacements 
of metals by other metals, chemical reactions between electrolytes, 
and hydrolysis of salts 

SEIF-TESTING QUESTIONS 

35 How can you usually tell whether you are getting a test for an ion"' 

36 How can you predict whether a reaction will form a precipitate‘s 

37 Are precipitation testa used for ions or for atoms'* 

38 Why are dilute solutions of CuSO«, CuCls and CuBrj all blue^ 

39 The ionization theory is used to explain the reactions which take place 

between what classes of compounds^ 
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40 Whes mil reactions betmen ions taka placed 

41 What are five uses of the ionization theory? 

42 What types of chemical reactions go to completion’ 

43 What la the nature of the revernble reaction’ 

VI. STAINS 

Note The remamder of this diapter may be omitted when time must be 
saved It may be given as a reading asi^ment in conjunction with the 
laboratory exercise on ataina 

Stain Removal. 

In the hospital, home, latmdry, or dry cleamng estabhshments 
there are frequent demands made for the removal of stains, and 
especially so in connection with the general care of clothmg Al- 
though many of the methods employed demand special knowledge 
in the chemistry of textiles and stains, most stains may be removed 
effectively and merpensively in the home if a few simple precautions 
are taken Of all the rules to follow, the most important is prompt 
treatment of the stain, since upon prolonged exposure to the oir, 
washing, ironing, or other factors, many stains undergo a diemical 
change to form stains that in some cases are almost impossible to 
remove without senous injury to the fabric Stains of a physical 
nature, as grease or fresh paint, are of the class easily removed by 
selecting the correct solvent, but if on the other band the stam h^ 
undergone a chemical change, as old ink stains, then a chemical 
must be used to change it back into a form that is soluble emd which 
may be washed out Most chemicals apphed to fabnes have a 
tendency to weaken and destroy the fibers 

Just as m any ailment, we must first understand the nature of 
the trouble, so we must know the nature of the etam before proper 
treatment may be given ffVjung out different chemical compounds 
upon stains of unknown composition may cause the stam to become 
more insoluble For instance, such a simple and apparently harm- 
less compound as hot water may be of great assistance m removing 
fresh ink, or most fruit stains, yet m the case of protem stains (milk, 
eggs, blood) hot water coagulates the alhummous matenaf and 
maVAs it very difficult to remove Also a failure to know the 
nature of the fabric and dyestuffs in many cases will result m a 
loss of the dyestuffs and injury to the goods. This is especially so 
m attempting to remove stains from material made of both animal 
and vegetable fiber, such as silk and cotton Furthermore, there 
are many synthetic fabnes on the market, such as rayon or cellu 
lose acetate, which certain chemirals (acetone, chloroform, acetic 
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acid, alkalies, bleaching agents) dksolve. Also, there are fabrics 
which contain certain amounts of weighted materials (tin com- 
poimds) which are very much affected by certain solvents. In view 
of the above statements, unless thoroughly familiar with the nature 
of the stain and the kmd of fabric, as a rule, it will be more satis- 
factory to have the stains removed by a rehable dry cleaner who 
employs one or more “spotters” trained in this work. 

Stain Removal Methods: 

The removal of stains, called “spotting jobs,” consists of four 
types solvent, absorption, digestive, and chemical 

(1) By the solvent type is meant the apphcahon of some solvent 
to the stain that will dissolve it from cloth. As an example of this 
tsrpe of solvent we refer to the removal of sugar spots by the use 
of water. Other solvents are acetone, ether, alcohol (wood or grain), 
carbon tetrachloride, trichloroethylene, and certain hydrocarbons 
such as naphtha, gasolme, and turpentine. 

(2) The use of whitmg on white shoes is a very good example of 
removmg stains and dirt by absorption Other absorbents are 



Fig 6 — Stain Removol Treating a stam with sodium perborate bleach What 
other bleach solutions might be smiilorly used* Courtesy, U S Department of 
Agriculture 
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magnesium carbonate, fuller’s earth, com meal, and certain chalks 
(CaCOj, MgO) In conjunction with this method, many stains 
insoluble in the fabnc such as some lipsticks, m^cara, and inks 
may be lubricated by applymg an oil which carries or slides the 
insoluble pigment from the goods 

(3) In the case of coagulated albuimnous stains, it is often 
necessary to use enzymes or digestive agents which decompose 
protein into water soluble substances 

(4) When the above methods are ineffective, certam chemical 
reagents must be used to change the insoluble stain mto a soluble 
or colorless stam Such chemicals usually are bleaches chlonne, 
chlorme compounds, hydrogen peroxide, potassium permanganate, 
oxahc acid, sodium perborate, and hydrosulphites 

From the foregomg it la evident that the spotter must know his 
textile, hia dyes, and the effect of chemicals upon them 

Wet and Dry Cleaning: 

In a few cases, more so in the South where there are more linen, 
flannel, and summer suits worn, there is some demand for wet 
cleaning Steam is seldom used smce it may result m shrmkage and 
injury to many fabrics 

By "dry cleaning” we mean the use of volatile organic solvents 
to the exclusion of water In the modem dry cleamng plants, the 
material is agitated in a closed drum with some volatile organic 
solvent as naphtha, benzme, tndiloroethylene, or carbon tetra 
chloride (Carbona), the latter two solvents bemg the safest since 
they are nonflammable Under the name of Stoddard Solvent, and 
various trade names, dry cleamng plants and homes are usmg an 
mexpensive petroleum distillate, which not only is free of objection 
able odors, but also is almost nonflammable It is a reasonably 
safe solvent smce its boilmg point is above that of gasolme and be 
low that of kerosene, and unless the temperature is very high there 
18 not sufficient vapor to support a flame or cause an explosion 
When properly done, diy cleamng generally restores silk, wool, and 
synthetic fabncs to their ongmal condition without the dangers of 
loss of shape, texture, or drape As a rule, not only is all of the 
soil and grease removed, but also gercas and insect life are killed 
If for no other reason than the latter, dry cleaning should be a 
general rather than an occasional practice Very few people reahze 
and appreciate the importance of dry cleaning from the standpomt 
of he^th 
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When a solvent such as naphtha, trichloroethylene, or Carbona 
IS used on a piece of cloth to remove a stain such as grease, the 
grease is dissolved by the reagent and is spread as far as the liquid 
penetrates the goods The solvent upon evaporation leaves such a 
thin layer of grease that it is not perceptible on rough woolen 
goods Of course, some may be removed by penetratmg the cloth 
used m rubbmg the grease spot On the other hand, when used on 
thm silk goods, the tendency is simply to enlarge the spot and leave 
a nng of grease after evaporation of the solvent From this it is 
evident that to thoroughly remove the grease, the goods must be 
rmsed repeatedly in fresh solvent This is the method used in dry 
cleaning establishments 

Ousting the Clothes Moth. 

In the early days the common procedure against clothes moths 
was to use moth balls, formerly of camphor, now of naphthalene 
The best either substance did was to prevent moths from laying 
eggs on stored matenal 

Paradichlorobenzene, commonly called dichloncide, ushered m a 
new era of clothes moth control smce for the first time there was 
available a handy crystalline matenal that not only would keep 
clothes moths away but also would slotily kill the eggs and larvae 
A half pound or more of the crystals placed on the highest shelf in 
clothes closets will protect clean fabrics Furs though are kept 
more safely in cold storage where at a temperature below 40'’P the 
young larvae are inactive and cannot survive many weeks 

If moths have become entrenched then they must be killed by 
some spray matenal such as DDT or chlordane 

Clothes frequently used, exposed to bnght light or dry heat do 
not harbor moths Garments should not be stored at home without 
first bemg dry cleaned, because soiled clothing attracts moths much 
more readily ftian diean dottimg 

SELF-TESTING QUESTIONS 

44 \Vby should a fresh stam receive prompt treatment for removal? 

45 Why should the nature of the stam be known before treatment^ 

46 State and explain the four general methods of removing stains 

47 How are clothes dry cleaned^ 

48 Why 18 it important to have suits dresses etc dry cleaned even though 
such garments are not soiled from wearing'^ 
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SUGGESTED ACTIVITIES 

I Tsoucirr Pbovokinq Questions 

1 Why IS Bait thrown on icy sidewalks or on the ice in an Ice cream 

freezer'^ 

2 In sea bathing why do you not feel any elec±nc shocks from the 

ions of salts? 

3 What IS the effect of substances dissolved in water with regard to 

the properties of the solution? 

4 In what way can you account for the difference jn the properties 

of electrolytes as compared to nonelectrolytes? 

5 What facts led to the formation of the ionization theory? 

6 Why are ions of chlorine not as active as the atoms or molecules 

of chlorine? 

7 What is the effect of passing a current through a solution con 

tainmg an electrolyte? 

S Explain your distinction between a molecule, an atom, and an ion 
of chlorine 

9 If the charge on an ion is altered might the color be changed? 
Illustrate by an example 

10 Vmegar or lemon juice is used in making salads Why could not 

an equivalent amount of bydiochionc acid be used? 

11 Salt IS cheaper and more effective than alcohol for antifreeze 

mixtures Why not use it In the radiator? 

12 What important difference between calcium cbJonde and earboa 

tetrachloride u not shown by ^e formulas CaCla and CCU? 

13 The sodium ion and the helium atom are alike in what Kspect? 

14 The statement was made that crystals contam lona Why, then, 

must most crystals of salts be melted before much current will 
go through them? 

16 Write an lomc equation showing the reaction of hydrochloric acid 
upon sodium carbonate to produce water and the volatile gas 
carbon dioxide 

16 Wnte an ionic equation between sodium phosphate and calcium 
chloride to show the formation of insoluble calcium phosphate 


II VoCABULAKT TESTING OE KbW TeRMS 


anode 
cathode 
electrode 
electrolysis 
electrolyte 
nonefectrofyfe 
electrocardiograph 


gram molecular weight 
Ion 

valence electron 
polar compound 
electro valence 
reversibfe reaction 
shared electron 


nonpolar compound 
electroplating 
streng^ of acids and 
bases 
covalence 
cova/ent 
mole 


ni Topics for Oral or Written Reports 

1 Some Processes Dependent upon Ions 

2 Stams, and How to Remove Them 

3 The Electrolytic Production of Sodium Hydroxide from Salt 


LABORATORY CHEMISTRY 

Laboratory exercises for this chapter wiU be found on pages 666, 670 
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ACIDS 

CHAPTER OUTLINE 


I Genebax Facts Concbbnino 
Acids 

(a) Classtficabon 

(b) Properbea of acida 

(c) Individual diSerences 

(d) Anbdotas for acids 

(e) N amin g of inorganic acids 

II SouE Inoeganic Acids 
l») Hydrochlone aad 

(b) Hypochlorous acid 

(c) Nibnc acid 

(d) Sulfonc acid 

(e) Sulfurous aad 

(f) Bone aad 


III Sous Okcakic Acids 

(a) Acetic aad 

(b) Benzoic aad 
(e) Tartaneaad 

(d) Citne aad 

(e) Lactic aad 

(f) Oxalic aad 

(g) Salicybe aad 

(h) Formic aad 
(l) Amm o aada 

0) Falnubcaad steaneaad 
aad 

IV CoupABisoM or Inoscamic 
OlUUNlC AODS 


I. GENERAL FACTS CONCERNING ACIDS 

There are thousands of inorganic compounds, the majority of 
which belong to one of three classes, known as acids, bases, and 
salts Aads are espeaally important to the nurse because of their 
functions m the human body and the place that they hold m the 
composition of our foods FVuits and &mt juices contain organic 
acids Acids are constantly bemg formed in the body— gastric jmee 
and urine are distinctly aad solutions 

CIgssifleafion 

Aads are classified as inorganic and organic Organic aads are 
usually derived fixiin organic matter, i e , plant or animal matter, 
while the inorganic commeraal aads are denved &om inanimate 
sources Some of the important aads of each class are listed as 
follows 


Inorganic 

I Oi^^nic 

Hydrochlone acid 

HCl 

Acetic acid 

H 

CaHaOa 

Nitnc acid 

HNO, 

Benzoic acid 

H 

CzHeOa 

Sulfunc acid 

HzSOa 

Carbonic acid 

Hs 

CO, 

Hypochlorous acid 

HCIO 

Citnc acid 

Hs 

C«H#0» 

Sulfurous acid 

HsSOs 

Formic and 

U 

CHOa 

Bone acid 

HsBOz 

Lactic and 

H 

C.HzOa 

Phosphonc 

H,PO, 

Malic acid 

Ha 

CiHiOa 

Nitrous 

HNO2 

Ozahe aad 

Ha 

C3O4 

Hydrosulfunc 

HsS 

Salicylic aad 

H 

CrHaOa 

Phosphorous 


Taxtanc aad 

Ha 

C4H40* 
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Properties of Acids, i e , ions 

Ordinarily, we think of an aad as a liquid, but usually these 
hqmda are solutions of gases, liquet, or solids m water For 
example hydrochlonc acid is a solution of a gas, hydrogen chloride, 
Bulfunc acid is a solution of a hquid, hydrogen sulfate, while 
bone acid is a solution of a sohd 

The formulas show that all acids contain the common element 
hydrogen, combmed with atoms of a nonmetal, or groups of non- 
metallic atoms called acid radicals ^ hydrochlonc acid (HCl), 
for example, the nonmetalhc element is chlonne (Cl), while m 
sulfunc aad, the aad radical is the sulfate radical (SO4) The non* 
metals, then, are to be considered as aad forming elements Smee 
every aad is a hydrogen compound which m aqueous solution pro- 
duces the H+ ion, it 13 reasonable to think of the common and 
characteristic properties of all acids as bemg due to the ton 
As has been stated some aads are stronger than others, strength 
bemg determined by the concentration of H+ 10ns Use of the terms 
concentration and strength should not be confused A concentrated 
acetic aad solution contains a high percentage of undissoaated 
aad molecules, thus a concentrated solution of acetic aad is not 
nearly as strong as a solution of hydrochloric acid, since strength 
depends upon degree of ionization 

The characteristic properties of aads follow 

1 Aems Abe ELECmoLrrES All aad solutions will conduct an 
electric current, that is, the solutions are electrolytes Examples of 
the lomzation of acids in solution follow 

HCl ^ H+ -I- Cl- 
HjSO, + H50«- 

Hsor pi -t- sor 

2 Acids Have a Sour Taste When aads dissolve m water 
they impart a sour taste to the water Sour tasting solutions 
generally contain aads For example, the sour taste m lemons, 
grapefruit, oranges, and quinces is due to citnc aad 

3 Acids Act on Some Colored Compounds Many compounds 
known as indicators change color m the presence of acids The 
most common substance so used is blue htmus dye, which changes 
to a red color m the presence of acid solutions This is the simplest 
recognition test for an acid 
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4. Acids Act on Most Metals. When certain active metals, as 
iron, magnesium, or zinc, are put into acid solutions the metals 
react and hydrogen gas is usually liberated. From the electron stand- 
point, metals have atoms that lose one or more electrons to hydrogen 
ions, which then become ordmary hydrogen atoms. 

Na° + H+CI--> Na+CI- -f H“ 

Then two hydrogen atoms, each sharing its electron with the other, 
combine to form a molecule of hydrogen gas (H 2 ) which escapes 
The formation of hydrogen may easily be shown by placing a piece 
of zinc in a test tube which contains a few ml. of dilute sulhiric acid. 
The presence of the hydrogen fa shown by holding a h’ghted match 
over the mouth of the test tube. A small explosion usually occurs, 
when there is some oxygen mixed with the hydrogen. This is a 
common laboratory test for molecular hydrogen. Pure hydrogen 
issuing from a jet bums quietly, with a blue flame. 

Zn ^ H2SO4 ZnSOi Ha 


DISPLACEMENT SERIES 

{Partial list) 

Displace hydiogea from water 
Vigorous reaction with acids 


Displace hydrogen from steam and 
from acids 


Displace hydrogen slowly from acids 


Do not displace free hydrogen 
from acids May react with acids 


K 

Na 

Ca 


i Mg 
A1 
Zn 
Cr 
Fe 


I Cu 
Sb 
Hg 
Ag 
Pt 
Au 


However, not all metals have the abihty to displace hydrogen 
&om aads. In Figure 1 metals am arranged in a series showing 
the order of their activity in this respect. The most active elements 
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are placed at the top, and they readily displace hydrogen from 
water Any metal on the scale above hydrogen will replace hy- 
drogen from an acid, with the exception of concentrated mtnc acid 
which oxidizes the hydrogen to water The metals below hydrogen 
on the scale will not displa<» hydrogen from the acids 

This property of certam metals to displace hydrogen m acids 
explains why metal utensils are not used m preparmg acid foods 
It IS mterestmg to note that each metal on the scale will displace 
any one below it from its salts m solution For example 

Cu -f HgCi2-> CuClj + Hg 

5 Acids Act on Metallic Oxides and Hydroxides When 
water solutions of acids are brought m contact with the oxid^ or 
hydroxides of the metals (p 159), salts and water are formed 

ZnO + H2SO4 ^ H3O + ZnS04 
M«>all could* Salt 

NaOH + HCI H2O + NaCI 
M«lall c hydrexld* Soil 

These equations represent neutralization (explanation, p 173), a 
useful reaction m counteractmg the action of an acid or a base 

6 Acids Act on Carbonates Whenever an acid solution is 
brought m contact with a carbonate, there is formed a salt and a 
weak unstable acid, carbonic acid, which qmckly decomposes (effer- 
vesces) mto carbon dioxide and water * 

2 NtiHCOa + H2SO4 -¥ Na2S04 + 2 H2CO3 

Corlienst* Acid Soil -i- 

2H20 + 2C02 

This IS the type of reaction which takes place m a commonly 
used fire extmguisher as was explained m Chapter III It is also 
the reaction which takes place when sodium hydrogen carbon 
ate (baking soda) is used to overcome high acidity of the stomach 
Normally the aad zn the stomach is either hydrochloric acid or the 
acids formed by fermentation of foods The equation shows the 
action between bakmg soda and hydrochloric acid 

NaHCOs + HCf -f NoCI + H2CO3 

Baking •b 

•odo HgO -(• CO2 


* Goaenlly ipeakuit mIU of any volatOe acul reset mtb a ooaTolsiile sad 
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The use of baking soda with sour milk (lactic acid) in baking is 
another example of an add reacting with a carbonate. It is a 
similar reaction that takes place when baking soda and orange 
juice (dtric add) are xised with castor oil for laxative purposes. 
The carbonic add makes the oil easier to fake. Again, the inter- 
action of an acid and a carbonate is the typical reaction of baking 
powders, since all such powders contain a carbonate and some add 
forming substance. 

7. Acids Act ON THE Tissues. The physiological action of strong, 
concentrated adds (as sulfuric, nitric, and hydrochloric) upon the 
tissues is to destroy the tissues by their corrosive (coagulation and 
dissolving) action. However, when these acids are in a very dilute 
form they only abstract water from the tissues. In fevers certam 
adds may be used to diminish thirst, because they stimulate the 
flow of saliva It is for this reason that lemonade (citric add) finds 
a use in relieving thirst. 

Smce animal fibers such as silk and wool, like body tissues, are 
of protein composition, fabncs made of these fibers are also affected 
by strong concentrated acids. The action is less marked on vege- 
table fibers (cellulose) such as O3tton. 

These seven general properties of adds are to be remembered 



Fig 2 — ^Three Important Mineral Aods These three common liquid acids are 
widely used in the laboratory and are indispensable for commercial use Can 
you name some other acids used hi the hospital^ 
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Since they can be appbed to almost every soluble aad The study 
of each aad, then, wiU only mvolve learmng the special or "tnck" 
performance of that aad 

Individual Differences of Acids 

Even though aads form a group and exhibit many general prop 
erties in common, still they, like people, may possess properties 
pecuhar to themselves Thus, some acids are very stable (sulfunc), 
other ones are unstable (carbomc), some are colored (picric), other 
ones are colorless (tartanc), some are very poisonous (oxalic), 
other ones are harmless (carbonic) and some may even be used 
medicmally (citnc) A few are not even sour taatmg (insoluble 
steanc), and of course, there is considerable variation in their 
chemical behavior 

As has been mentioned all acids m water produce the hydrogen 
ion, H'*’, and so acids may be de6ned as compounds producing 
hydrogen ian$, and no other positive ions, in aqueous solution How 
ever, it must be remember^ that not aU hydrogen compounds are 
aads For example sugar (CuHjjOii) although contammg hydro 
gen does not produce the H'*’ ion and therefore is not an acid 

Aniidoles for Acids 

From a study of the properties of aads it is evident that any 
carbonate, such as baking soda and chalk, or any mild hydroxide as 
limewater and milk of magnesia, or even soap suds may be used as 
effective antidotes for mineral aad poisoning In the case of some 
organic aads speaal reagents are preferred to the above-mentioned 
compounds 

To counteract the action of an acid spilled upon the clothmg or 
skm, the first step is to remove as much of it as possible by running 
water The remainmg aad is then neutralized, preferably by dilute 
ammonium hydroxide, since any excess of this reagent soon evap 
orates without injury to the clothing or skm Acids spilled on the 
floor may be neutralized by continued additions of bakmg soda 
until effervescence ceases 

Naming of Inorganic Acids 

Some acids contam only one other element m addition to hydro- 
gen These aads are called binary aads Binary acids are given 
names consisting of the prefix hydro, to represent the hydrogen, the 
root of the second element, plus the suffix ic For example HCl is 
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named hydro-dilor-ic acid. Oxygen is the third element in a great 
majority of the acids Such adds which contain three elemente are 
called ternary acids, and receive their name from the element other 
than the hydrogen and oxygen. For example, HNO3 is nitric acid, 
and H3PO4 is phosphoric acid. If three elements umte in different 
proportions to make several different adds, the best known is given 
tile suffix ic, as H2SO4, which is called siilfuric add. An acid with 
less oxygen than the most common one has the ending ous, as 
H2SO3 which is named sulfurous add. It sometimes happens that 
there are more than two ternary adds composed of the same three 
elements. In such a case use is made of the prefix per, meanmg 
“more,” and hypo, meaning “less,” atoms of oxygen in the mole- 
cule. ffhe following ternary adds of chlorine and phosphorus illus- 
trate very well the method of naming them: 


Ternary Acids 


HC104 

pcr-chlor tc 1 

HaPOi 

phosphor ic 

HCIO* 

chlor IC 

HjPOa 

. . phospbor-ous 

HClOa 

chlor-ous 

HaPO* 

Aypo-pbosphor-ous 

HCIO 

Aypo*chlor-ous 




In organic chemistry there are so many adds composed of only 
hydrogen, carbon, and oxygen that it is impossible to use this sys- 
tem for naming organic adds. For this reason many organic acids 
are named either because of their source (dtric add, from dtrus 
fruits), or some mdividual characteristic Also, there are sdentific 
nomenclatures for organic acids 

SELF-TESTING QUESTIONS 

1 Into what two groups are aada classified? 

2. What two fiuids of the body are nonnaliy acid? 

3. The properties of a soluble acid uvolve the study of what ion? 

4. What class of elements is acid forming? 

5 floluble arjds are characterized b,v what general properties? 

6 Define an acid. 

7. Antidotes for acids depend upon what properties of acids? 

8 What are bmary acids and ternary acids, and how are they named? 

II. SOME INORGANIC ACIDS 

Of the many acids, the following are of spedal interest to nurses: 
Hydrochloric Acid (HCI); 

This add plays a very important part in the chemistry of the 
body. Hydrochloric acid is found in the gastric juice where the 
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acid IS present to the extent of about 0 2 to 0 6 per cent Gastric 
digestion does not take place except m the presence of this acid, 
which 13 produced m the body from salt and water that is taken 
with the food In addition to aidmg digestion, hydrochloric acid 
destroys fermentmg bacteria which might cause disturbances in 
the intestmal tract Sometimes it is necessary to make a gastric 
analysis m order to find out how much aad is present If the per 
centage of H'*' ions is above normal (stomach mfiammation or 
gastntis) the condition is known as hyperacidity, but if below 
normal (gastnc juice of many old people) it is cdled hypoacidity 
In hyperaadity it is frequently necessary to give some harmless 
basic acting substance as magnesium oxide, while m hypoacidity 
very dilute hydrochlonc acid supplies this deficiency 

Hypochlorous Acid (HCfO)* 

This IS a powerful bleaching agent Its bleaching properties are 
due to the ease with which it frees its oxygen, and it is the free 
oxygen which oxidizes the colored matenals mto colorless com 
pounds 

HCIO HCI + (O) 

The oxygen set free in such a manner is called nascent oxygen 
and IS much more active than ordinary oxygen gas Many diseases 
are caused and communicated by mmute microorganisms called 
bactena which are readily killed by this acid In addition to its 
remarkable antiseptic powers hypochlorous acid dissolves and re 
moves dead tissue 

Calcium hypochlonte, often mcorrectly called "chloride of lime,’ 
a substance which generates this acid has long been used as a 
bleach and disinfectant for sanitary purposes m the home and 
hospital Within recent years a sodium compound of this acid 
called sodium hypochlonte has been used in very dilute solution 
as an antiseptic agent m surgery The best known solution for this 
purpose IS Dakin s solution whnii is used in washing wounds 
Dakm’s solution is a neutral sodium hypochlonte solution, con 
tammg 0 45 to 0 50 per cent NaCIO It possesses high toxicity for 
bactena and low toxicity for tissue celb It should be used within 
24 hours as upon standing there are foimed higher oxides of cWorme 
and free dilonne which imtate the wound When the solution is 
used the patient is so postured that a stream of the solution con 
tmually passes mto and out of the wound The sodium hypo 
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chlorite, like hypochlorous acid, decomposes to Kberate oxygen for 
oxidizing purposes. 

NaCIO NaCI + (O) 

Dakin’s solution is made by passing ddorine gas into a weak 
sodium carbonate solution. Care must be taken so that the solu- 
tion will not be too alkaline because it then has an irritating effect, 
and the added undesirable action of more readily dissolving 
blood clots. Commercial preparations containing sodium hypo- 
chlorite, Clorox for example, are used for bleaching purposes. 

One part of hypochlorous acid in a million parts of water will 
destroy all the bacteria in water. This method has been adopted 
by many cities for purifying drinking water. The method usually 
followed is to pass a stream of ddorine gas hrom steel cylinders 
into the water supply. The chlorine with the water forms the 
hyi>ochloroua add, which in the presence of the bacterial and 
organic matter liberates nascent oxygen, thus oridizing and destroy- 
ing the bacteria. 

Nitric Acid (HNO3): 

Commerdally this acid is used for the preparation of such 
organic compounds as explosives and dyes. When nitric acid is 
brought in contact with the skin or a piece of wool a yellow stain 
is produced. Nitric acid is used as a coagulant in testing for albumin 
in the urine (p. 392). 

Sulfuric Acid (H2SO4]: 

This is the most important commerdal acid, and it is used in 
enormous quantities. In dilute solutions sulfuric acid is used in 
storage batteries, and in deaning the surfaces of many metals. 



Fig. — 3 A DehjrdraKng Agent. Swfft/ric add not only 
will absorb free woter, but also will withdraw the ele- 
ments of water from certain organic cotnpoundi such 
os sugar (CieHzsOit). Why con it not be used to dry 
oil goies? 
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Iron 60 treated and coated with zmc is called galvanized iron 
Enormous quantities of the acid are used m refining pietroleum in 
making fertilizers, and in the preparation of dyestuffs and explo 
Bives Concentrated sulfuric acid has a great af^ity for water and 
for this reason it may be used as a dehydrating agent In this respect, 
sulfuric acid is so powerful that it will abstract the elements of 
water from many organic compounds which contain hydrogen and 
oxygen, leavmg carbon as a black residue (Fig 3) This acid is 
rarely used m medicine 

Sulfurous Acid (H 2 SO 3 ): 

This IS the result of bummg sulfur to form sulfur dioxide and 
passing the gas mto water 

HjO + SOariHiSOs 

Sulhirous acid readily combmes with oxygen, takmg it from the 
air or from some unstable substance containing oxygen 
2 H2S0a + 02*f2H2S04 

On account of this property sulfurous acid is a powerful reducing 
agent Because of its reducing action, sulfurous aad has strong 
bleaching properties and is used to bleach paper, straw goods, silk, 
wool, and even such foods as dried fruits, canned com, and cherries 
The bleachmg effect is not permanent and disappears after a tune, 
hence materials, like straw hats and paper, become "yellow with 
age ” 

Boric Acid (H36O3): 

This is also called boracic acid It is but sparingly soluble in water 
and lomzes so shghtly m water that it scarcely reddens htmus or 
exhibits any acid properties It is a mild antiseptic for inflamed 
mucous membranes of the eyes, nose, or mouth, being especially 
valuable m a saturated aqueous solution as an eye and mouth wash 
SELF-TESTING QUESTIONS 

In niiat 

10 How doea chlorine react with water‘d 

11 What IS Dakme solution and how do you account for ita antiseptic 

properties’ 

12 What 13 the most important commercial acid’ 

13 Why does fumigating with bumiog sulfur tend to bleach materials’ 

14 What Baturated aad solution is commonly used for inflamed mucous 

membranes’ 
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III. SOME ORGANIC ACIDS 

Acetic Acid (C2H4O2/ generolly written as H • C2H3O2): 

'ITus acjd may be denved from alcohol through fermentation 
brought about by a minute organism present m the so called mother 
of vinegar, or it may be obtamed by the destructive distillation 
of wood Vmegar may also be made from beer (malt vmegar), from 
wine (white wme vmegar), or from molasses Smce bacteria are 
present m the air and on the skins of fruits, acetic and is produced 
whenever a dilute solution of alcohol, with some food for the micro 
organisms, is left exposed to the air If the percentage of alcohol 
runs too high (10 per cent), the bactena are not capable of fonn- 
mg the acid Acetic acid, as m vinegar, is used as a condiment 
Glacial acetic acid (99 5 per cent) forms ice like crystals when cooled 
below 16° centigrade 

Benzoic Acid (H • C7H5O3} 

A salt of this acid, sodium benzoate, is used as an antiseptic m 
the intestinal and urmazy tracts, and also as a preservative 
Sacchann, a substance approximately 400 to 500 tunes sweeter 
than sugar, is a denvative of benzoic aad Sacchann has no food 
value as It IS not oxidized by the body 

Tartaric Acid (H2 * C4H4O6) 

This acid is found in grapes and many other frxuts, however, it 
usually occurs as potassium acid tartrate (KHC 4 H 4 O 6 ), a substance 
which IS commonly known as cream of tartar and is useful m 
mn Icing bakmg powder and effervescent powders as “Seidhtz 
powders.” Tartanc aad is also used in some soft dnnlss, such as 
gmger ale This aad may be used medicinally to mcrease the 
flow of urme (diuretic), or as a mild laxative 

Citric Acid (H3 • CqHsO;) 

Ihis aad occurs m many fruits, as oranges, lemons, and bemes 
of all sorts Citrate of magnesium is used in medicme as a purgative 
The juices of frmts containing citnc aad, especially oranges and 
lemons, are used as dietary preventives against scurvy, to replace 
lost alWqb m the blood (explanation p 185), and m the form of 
hot lemonade to act as a diuretic 
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Lactic Acid (H • CsHsOs): 

Milk sours when the sugar present is acted upon by certain 
microorganisms m the air, producing lactic acid As mentioned m 
Chapters 1 and HI, exercise of the muscles produces lactic acid, 
which 13 immediately oxidized However, if undue exercise causes 
an excessive amount of lactic acid to collect, the oxidation is not 
completed and fatigue results Any increase m acidity of the body 
cells slows down their activity because of the fact that oxidation 
becomes slower Then the tissues, bemg of a colloidal nature, 
adsorb water and swell Buttermilk and sauerkraut, which contam 
lactic acid, wiU prevent the growth of putrefactive bacteria m the 
large mtestmes and so change the mtestmal flora Lactic acid 
milk finds some use in infant feeding smce it produces an easily 
digested curd, and also is of aid m overcoming diarrhea 

Oxolie Acid (Hi • CiO^: 

This acid occurs m many plants m the form of salts It is used 
to remove ink and iron rust from cloth, to clean such metals as 
copper, and to bleach or clean etraw bats Oxalic acid is very 
poisonous 

Salicylic Acid (H-CrH^Oi); 

In the form of a salt, salic^bc aad is used as a food preservative 
and in medicme as an antiseptic Oil of wmtergreen for treatment 
of acute articular rheumatism and aspinn for rehevmg colds and 
neuralgic pauis are products made from this aad 

Formic Acid (H ' CHOj) 

Formic acid occurs m nettles and it is secreted by ants The im 
tation caused by the sting of an ant or bee is due to the presence 
of this acid, makmg understandable why soda is applied to such 
irritations 

Amino Acids: 

They are formed both m plants and animals In animal bodies 
they are the result of the digestion of proteins, and are discussed 
m the chapter on proteins 

Palmitic Acid, Stearic Acid, Oleic Acid, 

These three acids are very important smce they enter mto the 
composition of many of the fats and oils which occur m our foods 
Further discussion will be given m the chapter on fats 
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SELF-TESTING QUESTIONS 

15. What acid occurs in vinegar, and for what is it used? 

16. What two acids form salts that are used as food preservatives? 

17. Where does tartaric acid occur and for what is it used? 

18. Citric acid in the form of lemon or orange juice has what use? 

19. What organic acid has bleaching properties? 

20. Digestion of proteins produces w^t acids? 


iV. COMPARISON OF INORGANIC AND ORGANIC ACIDS 

The effects of certain organic acids sudi as acetic, tartaric and 
citric in the body are similar to those of inorganic adds except 
that they are milder and after absorption act as alkalies. The 
following table compares their internal action: 


Inorganic Adda 


Organic Adda 


Increase the flow of saliva 
Aid digestion in the stomach, since 
pepsin acts only in an acid medium 

Increase the flow of pancreatic juice 


Increase the acidity of the blood 


Increase the flow of saliva 
Aid digestion in the stomach by 
stimulating the appetite and the 
flow of gastric juice 
Slightly laxative, e.g., lemon juice be* 
fore breaVfast 
Increase the flow of urine 
Act aa an alkali in the blood 


Organic acids are oxidized in the body cells with the formation of 
carbonates and consequently are base-forming substances, as will 
be explained in the chapter on salts (p. 188). 

SELF-TESTING QUESTIONS 

21. What are the internal uses of organic acids? 

22. How do they differ foom inorganic acids in their internal action? 

SUGGESTED ACTIVITIES 

I. Thought-Pbovokikc QuEsnoMs: 

1. Name the three most common strong acids used in the laboratory. 

2. How does a strong acid differ from a weak acid? 

3. Why should surgical instruments not come in contact with acids? 

4. Why should baking powders, or effervescing powders, he kept in a 

dry place? 

5. Give the classification and name of the following compounds: 

(1) HjPOs (2) H,PO* 







156 


Inorganic Chomisfry 


6 Why not use a dilute rather than a concentrated or a saturated 

solution of bone acid aa an eyewash? 

7 Instead of using sour millc and baking soda for baking, what solid 

acid compound could be used? 

8 Explain the formation of vinegar from sweet cider 

9 What are organic acids and how do you account for such a great 

difference in the chemical action of organic acids as compared to 
iDOrgamc acids? 

10 Give the formulas and names of all the possible acids containing 

the elements hydrogen, sulfur, and oxygen 

11 In comparing the activity of aads m solution bow much replace* 

able hydrogen must be in each solution'’ 

12 What IS the underlying general reaction involved when effer 

veseutg Balta are dissolved ui water? 

II Vocabulary Testing New Teiufs 

acid * per * nascent 

binary acid * hypo * reducug agent 

ternary acid hyperacidity 

III Topics for Oral or Written Reports 

1 Antidotes for Common Acids 

2 Gastnc Acidity as a Diagnostic Tool 

3 Theones Concerning the Formation of the Hydrochlonc Acid m the 
Stomach 

4 Uses of Hypochlorous Acid and Its Various Salts 

LABORATORY CHEMISTRY 

Laboratory exercises for this chapter will be found on pages 674, 676 
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CHAPTER OUTLINE 


I Propebties and Action 
07 Babbs 

(a) Properties of soluble 

bases 

(b) Astidotea for bases 

(c) StroDg vs concentrated 

bases 

II Ttficai. Babbs 

(a) Sodium hydroxide or 
caustic BOda 

(bl Calaum hydroxide or 
alalced lime 


(e) Ammonium hydroxide or 
aqua ammonia 
(d) Magnesium hydroxide or 
milk of magnesia 

III Hydrogen Ion Concentration 

(a) Hydrogen ion scale 

(b) Meanmg of pH scale 

(c) Indicators 

(d) Testing for pH values 

(e) Hydrogen content vs hydrogen 

ion concentration 

(f) Apphcations of pH value to 

disease 


1. PROPERTIES AND ACTION OF BASES 


Properties of Soluble Bases (0H~ Ions): 

A study of aqueous solutions of the following typical bases 
shows that they all have co mm on and diaxactenstic properties 


Sodium hydroxide NaOH 

Potassium hydroxide KOH 

Ammomum hydroxide NH4OH 

Calcium hydroxide C8(0H)s 

Magnesium hydroxide Mg(OH)3 


(Caustic soda) 
(Caustic potash) 
(Ammonia water) 
(Lime water) 

(Milk of magnesia) 


A glance at the preceding formulas for the common bases shows 
that they all contam one or more groups of oxygen and hydrogen 
in combination This charactenstic OH group is called the hydroxyl 
radical and it is combined with a metal or with the metal like 
NH 4 radical to form the bases The metals are base formmg ele- 
ments Since every soluble base contains the hydroxyl group, which 
m aqueous solution furnishes the OH~ ion, it is reasonable to con- 
clude that the characteristic propertira of all soluble bases are due 
to the hydroxyl ion A base is a compound which furnishes hydroxyl 
ions (0H“) in solution, 

Na+OH--> Na++ OH" 

Soluble bases, therefore, are typical electrolytes Later, when 
studymg orgamc compounds, we shall learn about some com- 
pounds such as the alcohols and sugars which have one or more 
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hydroxyl groups, but whidi are not bases in the sense that they do 
not ionize to furnish the hydroxyl ion (p. 284). The characteristic 
properties of bases follow: 

1. Bases Have a Soapy Feeling. A strong base like sodium 
hydroxide (lye) when dissolved in water feels slippery or soapy. 
Such bases are caustic, and can change the natural oil of the skin 
into soap, and "bum” the skin. On the other hand, calcium 



Fig I— Four (rnportonf taborofory Baset ITiets common laborofory bates hove 
made pojsibte many of fhe advantage* of modern life What ore some of these 
advantages? 

hydroxide (lime water) and dilute ammonium hydroxide (ammonia 
water) have little corrosive action and can be applied with safety 
to the skin. 

2. Bases Have an AcRin Taste. The biting, metallic taste of 
a base is decidedly in contrast to the sour taste of an acid. The 
bitter taste in many toothpastes and in soapsuds is due to the 
alkali present. 

3. Bases Turn Red Lrmus Blue. Bases reverse the color 
change produced by acids in indicators,* e. g., they turn red Utmus 
paper blue and turn colorless phenolphthalein solution pink to red. 
This litmus test is the quickest and simplest test for a base. Other 
indicators, of which there are many, act similarly, e. g , methyl 

* Indicators are substances wiieb siHjw » decided color in the presence of eoJuble sada 
or soluble bases An indicator, then, tf a aubstance used to show tbe preaence of an acid 
or a base m solution 
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orange becomes red in the presence of H'’' ions, and yellow in the 
presence of OH“ ions 

4 Bases Reaitt with Acms When bases react with acids, the 
hydroxide ion (OH“) of the base combines with the hydrogen ion 
(H+) of the acid to form an undissoaated molecule of water, while 
the metal ion of the base unites with the negative ion of the acid 
to form a compound czilled a Balt For example 

No+OH- + H+CI-^ No+CI- + H 2 O 

This IS an example of a reaction called neutralization, which will 
be discussed m the next chapter on salts 

5 Bases React with Saets Frequently a base will react 
with a soluble salt to form an insoluble base and a salt, e g , 

2 Na+OH- + Mg++S 04 --i^ 2Na+ S 04 - + Mg(OH )2 4 , 

6 Bases Act on Tissues Bases dissolve proteins and react 
with fats to form a class of compounds known as soaps Strong 
bases, i e , alkahes, destroy tissues by dissolving their albumin, re 
acting with the fats and extracting water Bacteria are destroyed 
m the same manner The alkalies, therefore are strong irritants 
and corrosive poisons This property of dissolvmg and decompos 
mg alb umin and fata makes basic actmg substances very useful as 
cleansmg agents, of which eunmoma, lye, and washing soda are 
common examples It must be understood that like aads, bases 
cannot be used to clean all kmds of substances For example, bases 
quickly dissolve protein material, such as wool or silk cloth For 
tbia reason it is imwise to use strong laundry soaps m washing 
silks or woolen matenal The free base not only causes a partial 
destruction of woolen fabncs, but also causes such garments to 
shrink 

7 Bases Reac?! with Certain Metai^ Some bases, espeaally 
sodium hydroxide, react with certam metals such as aluminum and 
zmc to hterate hydrogen and form salts 

Heat 

2 AI + 6 NaOH > 3 H 2 t + 2 NasAIOs («odum alamtnate} 

Heat 

Zn + 2 NaOH — — > H 2 + Na 2 Zn 02 (wd um itneate) 

It IS because of *bia action that strong alkahes like lye (NaOH) 
or washmg soda (Na2C03) should not be used m cleaning house 




160 


Inorganic Chemistry 


hold utensils made of aluminum or coated with zmc (galvanized 
iron) 

Antidotes for Bases* 

It frequently happens that it is useful to know the antidotes for 
bases To neutrahze bases taken internally dilute acids, such as 
those present m citnc juices vinegar, and sour milk, are used 

As in the case of acids, when bases are spilled upon clothing or 
skin, an attempt should first be made to remove the base by 
washing m running water, before attemptmg to neutralize it with 
any dJute acid 

Strong vs. Concentrated Bases 

Since basic properties are due to hydroxyl ions, the bases which 
produce a high concentration of OH~ ions are strong, that is, 
strong bases are more highly ionized than weak bases 

The tezTti concentrate appbed to a base relates to the quantity of 
dissolved base (solute) in the total solution When the ratio of 
solute to solvent is high the solution is concentrated when this 
ratio IS low the solution is dilute To illustrate, concentrated am 
nonium bydrosde solution contains a large amount of dissolved 
ammoma, it is, however, a weak base because there is a low concen 
tration of hydrozyl ions present Weak bases, like strong ones, 
are completely neutralized by aads The removal of OH" ions 
by neutralization allows more of the undissociated molecules to 
ionize until finally all of the base has been acted upon 

SELF-TESTING QUESTIONS 

1 What IS a base? ao alkalt*^ 

2 What 13 a test for the hydroxyl iod^ 

3 Name six characteristic properties of all soluble bases 

4 What is neutralization? 

5 In what three wa^ may e base act upon the tissues'’ 

6 How IS it possible to counteract the action of a base taken internally^ 

7 What 13 the distinction between strong and concentrated bases? 

II TYPICAL BASES 

Sodium Hydroxide or Caustic Soda (NaOH) 

When sodium reacts with water, one-half of the hydrogen la 
liberated as a gas 


2 Na -f 2 H 3 O ^ 2 NaOH + H 2 t 




Bases 


161 


Now if the solution is evaporated to dryness, a white compound 
called sodium hydroxide is left *11119 compound readily absorbs 
water, and so quickly dismtegrates most vegetable and nnimal ma 
tenal that it is frequently called “caustic soda ” It is sold as a 
household article under the name of lye, and is valuable for cleans 
mg purpose because it reacts with grease to make a soluble sub 
stance, soap (p 361) 

Commeraal sodium hydroxide is obtamed by electrolysis of a 
solution of sodium chloride (see p 129) 

2 NaCI + 2 H 2 O + Eledrieat energy -4 2 NaOH + H, + Ct, 

At eothodd At anode 

It is used m the manufacture of hard soaps, potassium hydroxide 
bemg used to make soft soaps Sodium hydroxide is also used 
extensively m the manufacture of chemicals, rayon and other 
textiles, paper, and refimng of petroleum 

Calcium Hydroxide or Slaked Lime (Ca(OH)2)‘ 

This compound is made by addmg water to hme, the process 
being called slaking 

CaO + H2O->Ca{0H}5 

The white compound thus formed is sparmgly soluble m water 
and therefore gives a very low concentration of hydroxyl 10 ns 
A clear saturated solution of the calcium hydroxide in water, called 
limeiiater, is used m medicme to overcome high acidity of the 
stomach It is frequently added to cow’s milk m order to lessen 
its acidity, thereby assistmg m digestion by preventmg too rapid 
curdling which results in the formation of large tough curds Lime 
water is also used in the diet for budding bones and teeth, as an 
antidote m aad poisonmg (especially oxalic acid), and m the 
laboratory as a test for carbon dioxide, since it forms a white 
preapitate of calcium carbonate with the gas A suspension of the 
hydroxide m water is called "milk of hme” and is extensively 
used as a whitewash When so used, the calcium hydroxide grad 
ually absorbs carbon dioxide to form insoluble calcium carbonate 

Calaum hydroxide is a moderately active base and is inexpensive 
to make, but its shght solubility m water prevents its use for 
many purpose It is used commercially for removmg hair from 
hides m the preparation of plaster and mortar, and as a white 
wash 
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Ammonium Hydroxide or Aqua Ammonia (NH4OH) 

Ammonium hydroxide has slightly active basic properties When 
heated it quickly decomposes into ammonia and water 

NHiOH^NHs + H^O 

Large quantities of ammonia gas are used m the manufacture of 
ice For this purpose the ammoma gas is compressed to a hquid 
whicii flows through an expansion valve into long senes of coils 
immersed in a bnne solution Metal vessels filled with pure 
water, are lowered mto the bnne solution The hquid ammonia 
upon expanding absorbs heat from the bnne and lowers the 
temperature of the bnne below 0“ C The bnne does not freeze 
but the pure water in the metal vessels is frozen into cakes of ice 
after a penod of many hours 

If a room which serves as a refrigerator is to be kept cool, the 
pipes are simply nm around tiie mtenor walls of the room These 
cold storage plants have a temperature low enough to prevent 
decay and putrefaction 

In the home, amm onia dissolved in water, and known as am 
moma water (aqua ammoma) or smiDoniuBi hydroxide, is used la 
preference to other alkahes as a cleanser because any excess of the 
ammoma left after it is used volatilizes and produces no harm to 
the goods 

Ammonium hydroxide, being volatile, is more penetratmg but 
less caustic than the other alkahes Ammoma gas (NH3) stimulates 
both resDiration and circulation Medicinally ammomum hydroxide 
13 used as a Aeart and res/?/rotcvy stmuJant, m hmments to relieve 
rheumatic pains, and as an antacid 

Magnesium Hydroxide or Milk of Magnesia (Mg(OH)2) 

This shghtly soluble compound is a medicinal base much used 
as a laxative It Is also used 10 tooth pastes and mouth washes, 
and to counteract too much acid m the stomadi 

SEIF-TESTING QUESTIONS 

8 What properties does lye have which make It a valuable article for use 

m the home? 

9 What IS the chief use of sodium hydroxide? 

10 What IS meant by the slakinx of lime? 

11 How 13 Iimewater made and for what is it used? 

12 What IS whitewash and why does it form a satisfactory coveting for 

basement waUs^ 



Bases 


163 


13. What are the commercial and medicinal uses of aqua ammonia’ 

14. How is magnesium hydroxide used medicinally? 

III. HYDROGEN ION CONCENTRATION 
Hydrogen Ion Scale: 

In the chapter on ionization it is stated that strength refers to 
the degree of ionization, whether applied to an acid or a base. In 
the case of an acid, the strength of its solution depends upon the 
concentration of hydrogen ions (H+); and in the case of a base, 
the strength depends upon the con(»ntration of hydroxyl ions 
(OH-). 

When the number of H+ ions ex<»eds that of the OH“ ions the 
solution is acid, and conversely, if there is an excess of OH~ ions, 
the solution is alkaline. However, when the number of H"*" ions 
exactly equals the number of OH“ ions the solution is neutral. Thus 
pure water is neutral for it is dissociated into equal numbers of 
H* ions (1,008 Gm. in 10,000,000 or 10’ liters of water), and OH’ 
ions (17,008 Gm. in 10,000,000 or 10’ liters of water). 

The fact that purified water conducts electricity implies the 
following probable reaction: 

H,0 5SH+ + OH- 

the heavy arrow indicating that most of the water exists as electrical 
neutral particles, i.e., molecules. 

Since some fiuids of the body are acid, such as the gastric juice 
and urine, while some are alkaline, as the intestinal fluids and the 
blood, it is evident that any variation of acidity or alkalinity from 
the normal condition may be an important factor in the diagnosis 
of disease. To designate accuratdy this degree of acidity or alka- 
linity, that is, to express quantitatively the concentration of hydro- 
gen ions, there has been used in recent years what has been termed 
the "Hydrogen Ion Scale,” the symbol for which is pH. 

Meaning of pH Scale: 

It is no more necessary to know the mathematical derivation of 
"pH”* in order to use it, than it is to know the derivation of the 
term "degree Fahrenheit” when using a thermometer. 

* The logarithm of the number of liters of a solution which contains 1 008 Gm of 
hydrogen ions is called the pH value Since it tah^ 10,000,000 liters of water to produce 
1 008 Gm of H+ ions, and the logantbm of 10,000 000 is 7, the pH value of neutral water 
is 7 This number 7 then is the pH value for all neutral solutions For a more compre- 
hensive treatise, refer to The ABC of Hydrogen Ion Control, LaMotte Chemical Prod- 
ucts Co , Baltimore, Md , or any standard textbook of general chemistry 
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Indicators: 

Litmus paper has already been mentioned as useful for indicating 
when a solution is acid or alkline, but we know nothing therefrom 
about the exact degree of addity or alkalinity. All that can be 
depended upon is that a deep blue or red indicates a higher degree 
of alkalinity or acidity than do Oie lighter colors. The substitution 
of definite pH values does away with the indefinite terms "strong” 
and "weak.” 

There are numerous dyes or "indicators” which change their 
colors imder the influence of certain concentrations of H+ ions and 
OH~ ions. Litmus solution, for example, shows pink color changes 
in an add solution from pH 4.6 to pH 7.0, the neutral point, and 
then sho^ blue color changes in an alkaline solution up to pH 8.4. 
Phenolphthalein, another common indicator, shows pink to led 
color changes in alkaline solutions of pH niunbers greater than 8.7. 
The wide range of these two indicators and their indistinct color 
changes makes them very inaccurate for determming the exact 
degree of addity or alkalinity: consequently, one needs a series of 
indicators with short distinct color ranges to cover the entire pH 
scale. Fortunately, there are indicators which change colors at 
other degrees of hydrogen ion concentration, and by thdr use it 
is possible to determine accurately the addity or alkalmity of 
solutions withm a certain short range. 

Of the large number of indicators available, those in the table 
below are chosen as representative ones with short ranges. 


SOME ACIO-BASE INDICATORS 


Indicator 

pH Ran^ 

Color 

at Lower pH 

at Higher pH 

Methyl violet 

01-32 

Yellow 1 

Violet 

Thymol blue 

13-28 

Red 

Blue 

Brompbenol blue 

30- 46 

Yellow 

Blue 

Methyl orange 

31-44 1 

Red 1 

[ Yellow 

Methyl red 

4 4-62 

Red 

Yellow 

Litmus 

4 7-82 

Red 

Blue 

Bromcresol purple 

8 2-68 

Yellow 

Purple 

Bromthymol blue 

6 0-76 

Yellow 

Blue 

Phenolphthalein 

80-98 

Colorless 


Thymolphthalem 

9.3-10 5 

Colorless 

Blue 

Ahzarm yellow 

10 1-12 1 

Yellow 





Fig 3 — A pH Meter Here a pH meter is being used to show the hydrogen ion 
concentroton in a soluton. Whot does the reading on the meter indicote^ 
Courtesy Becicmon fnstruments tnc 

Testing for pH Values* 

(1) Colorimetric In order to determine the pH value of an 
unknown solution it is first necessary to select experimentally an 
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indicator which is sensitive, that is, diows color changes at the pH 
of the unknown The table on page 166 lists indicators suitable for 
this purpose It is advisable to start with bromthymol blue since 
this indicator undergoes color changes over the neutral point (see 
table) In testing a drop of the indicator is added to a small portion 
of the unknown, a new portion of unknown must be used for each 
indicator 

For example, if it is found m the prelimmary testing that thymol 
blue IS suitable, add one or two drops of this indicator solution to 
a sample of the imknown The volume of unknown used, and the 
container should be the same as employed in the standards Match 
this test sample with a set of permanent color standards made up 
by use of the same mdicator m solutions which differ m pH m 
steps of 2 over the range of the mdicator 

(2) ELECTROMirrRic The electrometric method makes possible 
a more rapid and more accurate determmation of the pH of a 
solution if the solution or duid to be tested is cloudy (turbid) 
or colored the colonmetnc method obviously cannot be us^ The 
two electrodes of the pH meter are dipped mto the solution being 
exammed, and the pH of the solution is then read directly &om the 
dial of the meter (Fig 3) 

Hydrogen Content vs. Hydrogen Ion Concentration 

In neutrahzmg an acid with a base, all of the hydrogen m the 
aad reacts with a base 

H+CI- + No+OH--> H2O + No+a- 

Such determinations are spoken of as the total hydrogen content of 
the acid (un ionized acid molecules + aad ions), which is quite 
different from the active hydrogen ion concentration or pH value 
Total aadity (and alkalmity m biological materials) of a solution 
may be compared to the total wealth of a person whereas active 
acrdcCy cunsnfers- Wf czirresrc^’ 

To illustrate Two aads like sulfunc and bone aads m eqmva 
lent concentration have the same total hydrogen content, but the 
bone aad is much weaker than the sulfunc aad, since in solution 
the bone aad gives only a low percentage of active H'*' ions The 
pH or hydrogen ion scale measures the actual concentration of H"* 
ions, and not the total hydrogen content, consequently, the pH 
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value IS a true measure of the strength of an acid or an alkali 
However, active acidity is not always of prime importance For 
example, if only enough soda (sodium bicarbonate) is added to 
sour milk (lactic acid), as a leavening agent in the makmg of soda 
biscuits to neturalize the active acid, the biscuits would still have 
a sour taste This condition can be corrected by adding sufficient 
soda to react with the total hydrogen content of the acid 
The following table shows the approximate pH values of some 
common 0 IN solutions of acids and of basic compounds 


Aeid 

pH Value 

Baste 

pH Value 

Hydrochloric 

1 0 

Sodium hydrogen carbonata 

64 

Sulfunc 

12 

Sodium tetraborate (borax) 

92 

Acetic 

29 

Ammonium hydroxide 

11 1 

Carbozuc 

38 

Sodium carbonate 

116 

Bone 

52 

Sodium hydroxide 

13 2 


Applications of pH Value to Disease: 

There are many valuable applications of the pH control, espe- 
cially m pathology and bacteriology The normal pH values of the 
blood are between 7 3 and 7 6 and, smce life becomes endangered 
if the values are outside the range of 7 0 to 7 8, determmation of 
the hydrogen ion concentration is of great importance to the phy- 
sician m assistmg him to diagnose and treat many diseases such 
as diabetes, nephritis, and tetany 


THE pH VALUES OF SOME FLUIDS AND SOLUTIONS 


Substance 

pH 

Hydrochlonc acid (0 1 N) 

10 

Gaatnc fluid 

15 -28 

Vinegar 

30 

Grapefruit juice 

32 

Urme 

50 -75 

Milk 

66-69 

Saliva 

68-72 

Water (pure) 

70 

Blood 

7 35- 7 45 

Intestinal fluid 

72 -80 

Pancreatic fluid 

75 -80 
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Normal gaatnc juice, which contains some free hydrochloric aad, 
13 approximately one milhon times as acid as the blood Here also 
any great deviation of pH values has a pathological significance 
For instance, in permaous anemia and m cancer of the stomach 
httle acid may be present m the gaatnc juice, while m mdigestion 
inflammation and ulcers of the stomach, the pH numbers run low, 
{ e , the acidity is above normal Also, it is a well recognized fact 
that in abnormal vanationa of aod (outside of pH 1 3 to 4 0) the 
enzymes of the stomach are inhibited in the digestion of proteins 

In the next chapter it will be learned that pH values of fluids 
can be maintamed reasonably constant by the presence of buffers 
The moat important buffers in body fluids are bicarbonates and 
phosphates 

It is clearly evident from this brief discussion that disturbances 
of the hydrogen ion concentration of any fluids in the body are an 
indication of some pathological disturbance 
SELF>TESTtN6 QUESTIONS 

16 Wbat u the hydrogen ion scale used for? 

16 What u meant by pH values? 

17 What does pH 7 0 mean? 

IB When does a pH reading Indicate acidity? 

19 In tvbat way do pH values indicate strong and weak acids or baaea? 

20 Name two common mdicators and their color in both acid and alkalme 

solutions 

21 How would you proceed to make a test for pH values? 

22 How does hydrogen content differ £rom hydrogen ion concentration^ 

23 Give a pathological appbcatloo of pH wg:^casre 

24 Given the pK of a soluUon bow is the pOH detenomed’ 

25 Meaaunsg the hydrogen ion coacestratiOD of a solution by the color! 

metric system depends upon what prmciple? 

SUGGESTED ACTIVITIES 

I Thought Provoking Queotions 

1 Why 18 lye sold m tin contamera? Why would not aluminum 

containers be practicable? 

2 Sodium stearate NaCi«Hi«Os is a soap How would this solu 

tion react to Atnrcaf^ Expiaa 

3 Account for the fact that calcium hydroxide when dry has no 

effect upon red litmus paper 

4 To counteract or neutralize acid spilled on clothing why b am 

monium hydroxide used in preference to sodium hydroxide? 

5 Explain why borax solution shows an alkaline reaction to btmus 

paper 

6 Solution A has a pH of 3 0 and solution B has a pH of 6 0 What is 

the relationship between theiractual hydrogen ion concentrations'' 
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7 What IS the />H value when the hyrlrogen ion concentration is 

0 0001 gram ions per liter’ 

8 What IS the pH of an acid which has one hundred tiroes the acidity 

of water’ 

9 To counteract the action of large <iuantities of acid spilled on the 

laboratory floor or table, why is sodium hydrogen carbonate 
generally used instead of ammonium hydroxide’ 

10 Usmg the adverbs faintly, wealdy, and strongly, mterpret the con- 

dition of acidity or alkalinity of the following solutions pH 7 5, 

1 3. 13, 5 2, 2 9. 8 4 

11 In many pathological conditions the hydrogen ion concentration 

of the unne is increased Is the pH value raised or lowered’ 

II. VoCABtlLART TESTING OF NeW TeHMS 

base neutrahxation mdicator 

bIVuIi hydrolysis pH scale 

III Topics for Oral or WanTEN Reports 

1 Antidotes for Alkali Poisomi^ 

2 Indicators and pH Meaaurementa 

3 Acid and Alkali in Health and Disease 

4 The pH of Body Fluids and Tissues 


LABORATORY CHEMISTRY 

Laboratory exercises for this chapter will be found on pages 679, 681 684 
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SALTS 


CHAPTER OUTLINE 


I Preparation and Properties 

(a) Neutralization 

(b) Preparation of aalta 

(c) Incompatibility of aome ealta 

(d) Properties of salts 

(e) Ionization of salts 

(f) Typical salts 

II Types and Names op Salts 

(a) Normal, acid, and basic aalla 

(b) Nammg of salta 


(b> Sodium hydrogen carbonate 

IV Bufpers in the Blood 

(a) Buffer action in the blood 

V Salts in the Human Body 

(a) Formation of salts 

(b) Chemical balance of the body 

(c) Importance of salts in the 

body 

(d) Effects of salts on the cells 


III Hydrolysis op Salts VI Alkaloid Salts 

(a) Why some salt solutions are not (a) Properties of alkaloids 
neutral (b) Antidotes 



Fig 1 — Household Suits Can 
you nome one or more medical 
uses for any of these soils? 
Courtesy, Koymoncf Fearon, 
Philadelphia 

I. PREPARATION AND PROPERTIES 
Neutralization: 

When solutions of an acid and a base are brought together in the 
proper proportions, the characteristic properties of both are lost, 
e. g , there is no effect of the mixture upon either blue or red litmus 
paper. From this fact we infer that the hydrogen ions of the add 
and the hydroxyl ions of the base must have been removed from 
the solution. An examination of the following equation 
No+OH- + H+a--> Na+CI- + H2O 

shows that the negative hydro^l ion of the base has combined 
173 
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with the positive hydrogen ion of the acid to form undissociaied 
water, wMe the remaining part of the base (Na+) has combined 
with the remaining part of the acid (Cl“) to form one of the class 
of compounds which we call so/te. Such a reaction between an acid 
and a base with the formation of a salt and water is known as 
neutralization. Upon evaporating the solution the concentration 
increases and the sodium and chloride ions begin to join together, 
and the solid salt crystalizes out of solution, once the saturation 
point is exceeded. 



Fig 2— An American Saif Min* Common soM 5s obfalned from mines or by 
evaporation of water. For whol purposes n sail needed by the body? Courtesy, 
International Sail Company, Inc 


Since there are many adds and base-forming substances in na- 
ture, and since acids and bases are very active chemically, salts 
are constantly formed in the crust of the earth. These salts are 
also undergoing a decomposition to form new compounds. It is 
also true that from one salt may be formed an acid, which in turn 
may react with another salt to form still dilTerent compounds. 
Thus common salt upon treatment with sulfuric acid will produce 
hydrochloric acid: 

2 NqCI + H2S04'4 Na3S04 + 2 HCI 





The hydrochlonc aad then may decompose another salt to form 
still another acid and another salt, as shown by the following 
equations 

CaCO, + 2 HCf ^ CaCIi + HjCOs 
HjCOW H,0 -b CO, 


Preparation of Salts* 

From the precedmg paragraph it is evident that a salt may be 
formed by the umon of an aad and a base or by the action between 
certam aads and vanous salts A soluble salt may also be formed 
by the action of an aad upon a metal, its oxide, hydroxide, or its 
carbonate as illustrated m the followmg equations 
Zn + HsSOi ZnS 04 + H, 

ZnO + H2SO4 ZnS04 + H2O 
Zn(OH)2 + H2SO4 -> ZnS04 + 2 HzO 
ZnCOa + H2SO4 -4 ZnS04 + H2O + CO, 

These reactions you may recall as typical of aads (p 145 ) A salt, 
then, ts a combination of a metal, or the metallic radical with a 
nonmetal or nonmetaUic radical of an ocid, as Cl, Br, SO4, NO3, 
and PO4 

Incompatibility of Some Salts: 

Salts may also be formed by several other methods, one of which 
IS worthy of mention, namely the reaction between two soluble 
salts Salts formed in this way are often insoluble, e g , m the fol 
lowing equation silver chloride is an insoluble salt 

NaCI + AgNOa >4 NaNO? + AgCI i 

Silver 

dibnde 

As a therapeutic measure a solution of the salt silver mtrate is often 
m nfiecttwea Soon, ttre genmaial atiitfn 

of the silver nitrate is stopped, as the sodium chlonde in the unne 
reacts with the silver nitrate to form insoluble silver chlonde 
Agam, as a prophylaxis against gonorrheal infection, most states 
require that a drop of 1 to 2 per cent solution of silver nitrate be 
placed m the eyes of newborn babies In this instance, the salty 
tears, or the use of a physiological salme solution, stops the further 
action of the silver nitrate on the tissue cells of the eyes As another 
example, potassium iodide forms an msoluble salt when used 
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internally as a treatment for lead poiKining As two salts may react 
to form new salts with different properties you can understand 
why it 13 seldom a good idea to admmister two salts at the same 
time The properties of the new salts might do more harm than 
good 

From these statements it is evident that a nurse should be aware 
of the fact that many salts, and other compounds, for that matter, 
are mcotnpatible The incompatibility of a number of pairs of 
compounds follows 


SOME COMMON INCOMPATIBLES 


Magnesium aolfste 

and 

Feme cblonde 

SaduuD bKxrbcnnte 

and 

Ammonium cblartde 

Sodium bicarbonate 

and 

Feme chloride 

Sodium bicarbonate 

and 

Lomewater 

Sodium bromide 

and 

Feme cblonde 

Sodium chloride 

and 

Silver nitrate 

Calcium cblonde 

and 

Epbednne 

Ferroua iodide syrup 

and 

Quinme or codeine 

Magnesium sulfate 

and 

Quinine 

Potassium iodide 

and 

S^chmne sulfate 

Sodium bicarbonate 

and 

Ephednne bydrochlonde 

Sodium salicylate 

and 

Caffeine citrate 


Properties of Salts 

In 8tud5nng acids and bases we study respectively the hydrogen 
ion (H+) and the hydroxyl ion (OH-), but m examinmg the for 
mulas of such salts as silver nitrate (AgNOa), mercuric chloride 
(HgCb), or magnesium sulfate (MgSOi), we see that there is no 
ion that IS common to all salts For this reason we are unable to 
list a number of properties common to all salts as we did m the 
case of aads and bases For instance some salts taste sour some 
alkalme, others salty or metallic, and a few even taste sweet We 
also may find that salts vary m their action toward indicators, 
some being acid some alkahne, and some neutral It is even true 
that a few bbI^ are oxidmne agents (chlorates, nitrates perznan 
ganates) while others combme with oxygen and with sulfites and 
therefore are reducmg agents Nevertheless we do find similarities 
m such physical properties as color, taste and solubility Especially 
is this true between certain salts of the same metal (NaCl NazSO^, 
NaNOa) or between various salfa of the same acid (NaCl, KCl, 
NH4CI) 
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The chemical reactions of some salts with other salts (p 175), 
with water (hydrolysis) to form aads and bases (pp 182, 183), with 
aads (p 175), and with bases (p 175) have already been stated 
Reactions of salts with metals to form another salt and smother 
metal have been mentioned (p 146) and the discussion of salt and 
metal contacts that are to be avoided in laboratory, hospital, and 
household practice is presented later on under the subject of 
metals (p 215) 

Ionization of Salts: 

As has been stated (p 133), most salts are strong electrolytes, 
that IS, they are highly ionized As a consequence, reactions be- 
tween salt ions usually are rapid Some salts though, like mercuric 
chlonde, only sUghtly ionize and consequently react slowly m solu 
tion The degree of ionization m the case of electrolytes represents 
the ratio of free ions to the un ionized molecules, or to associated 
ions Notice m the foUowmg table that the percentage of ionization 
m a N/10 solution of most salts ranges from 65 to 85 per cent 


Types of Salta 

Parentage of loniaatton in a 

N/10 Solution 

M^-i A-» (eg, NaCl) 

83 to 86 

M+» AJ* (eg.BaCl,) 

72 to 77 

Ma-^iA » (eg,NasSO«) 

70 to 73 

M+» A » («-g, ZnSO«) 

50 to less 


Typical Salts* 

Of the many hundreds of salts, several that are widely used m 
mdustnes are common salt (NaCl), washing soda (NaaCOs 10 
HaO), limestone (CaCOa), and Chile saltpeter (NaNOa) How 
ever, there are many other important salts, some of which are used 
quite extensively m medicme (Fig 3) The foUowmg salts of the 
four common aads HCI, H^SOi, HNO 3 and H 2 CO 3 are so fire 
quently used m medicme that a bnef discussion of them is given 
on the next page 

Smw there are so many salts, space does not permit us to make 
an individual study of them or even to mention all of the important 
ones, however, a detailed study of medicmal salts is given m 
Pharmacology 
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MEDICINAL SALTS OF SOME COMMON ACIDS 


Salt 

Common Name 

Use 

Sodium chloride (NaCl| 

Table salt 

Saline solution 

Mercuroua chlonde 
(Hg,CU) 

Calomel 

Purgative 

Mercuric chloride (HgCta) 

Corrosive sublimate 

Antisepticandantisyphihtic 

Magnesium sul/ate 
(MgSO, . 7 HjO) 

Epsom salts 

Purgative Allays inSam 
mation 

Banum sulfate (BaSO*) 

Calaum sulfate 
(CaSOi)s<HaO 

“Banum” 

Plaster of Pans 

Coats the stomach and m 
testines with a compound, 
opaque to the z ray 

Casta for broken bones 

Potassium nitrate (KNOa) 

Saltpeter 

Diuretic 

Silver nitrate (AgNOa) 

Bismuth eubmtrate 
(BiONOa -HsOl 

Lunar caustic 

“Bismuth” 

Antiseptic caustic, astnn 
gent 

Anti imtant of the bowels, 
astringent 

Ammonium carbonate 
I(NHt)aCOa HaO] 


1 

Stimulant m syncope, ez 
pectorant in bronchitis 

Bismuth subcarbonate 
fBijOrCOa) 


Antacid, in roentgenog 
i raphy 

Calcium carbonate 
(CaCOg) 

Preapitated chalk 

Antaad, detergent, protec- 
tive in gastnc ulcer 

Ferrous carbonate 

(FeCOs) 


In anemia (m the form of 
Blaud a pills) 

Msgnesmm carbonate 
(MgCOs) 


Aatactd, is hypes&adiiy, 
dusting powder, cosmetic 

Sodium bicarbonate 
(NaHCOi) 

Baking soda 

In hyperacidity, m acidosis, 
alkaline wash 

Sodium carbonate 
(NaaCOa-lO HaO) 

Washmg soda 

Preparation of alkaline 
baths 




Fig 3— X ray Theropy Machine This 2 000 000 volt x ray machine mokes 
possible Q scientific treatment of deep seoted motignancy For what d seose 
would rtus unit find jts widest use? Courtesy, Genera/ f/ectnc Compony 

SELF-TESTING QUESTIONS 

1 Wliat 13 always formed in neutralization*^ 

2 What are 5ve general methods of preparing salts'^ 

3 What might be the danger of administering different salts at the same 

time*' 
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4 Wby do not salts have common properties^ 

6 State the chemical name the common name end a medianal use of 
three Important chlorides sul&tea lutrates and carbonates 

II. TYPES AND NAMES OF SALTS 
Normal, Acid, and Bosic Salr$: 

If an acid has more than one replaceable hydrogen atom* per 
molecule it is possible to make two salts, depending upon the 
amounts of base used rHie following examples illustrate tj^ 

add sail formation NoOH + H-.C03 NoHCOs + H2O 

normal sail formafion 2 NoOH + HsCOs Na2C03 + 2 H2O 

The one salt (NaHCOa) still retains one atom of hydrogen, since 
there are not enough hydroxyl ions to unite with all of the hydrogen 
In forming the second salt (NsjCOa) all 0/ the hydrogen of the acid 
IS displaced by the metal sodium 'Hie former salt is known as an 
oc^d salt and la called sodium hydrogen carbonate (baking soda), 
while the latter (NaiCOs) is a normal salt and is called sodium car 
bonata (washing soda) 

Similwly there are produced hydroxy or more commonly called 
basic salts, when only part of the hydroxyl 10ns of a base are 
replaced by a nonmetal or a nonmetallic radical as for example 

Bi(OH)3 + HNO, -i BifOHlzNOs + H 2 O 
Bi(OH)s + 2 HNO, BiOH{NO ,)2 + 2 HgO 

When a hydroxy salt as basic bismuth nitrate (Bi(0H)''N03) is 
dried, it loses a molecule of water to form bismuth subnitrate or 
oxymtrate, B1ONO3, a white insoluble compound, called an oxy salt 
Bismuth submtrate acts upon the mucous membranes of the stom 
ach and intestmes much hke a face powder does upon the skm, and 
as a consequence is used to coat, protect, and heal ulcers of the 
intestinal tract Moreover, this salt is also used hke banum sulfate 
m makmg x ray picture of the dig^tive tract Bismuth submtrate 
can act as an alkali to neutralize the aad of the stomach and m this 
way IS said to "sweeten” an acid stomach 

The use of the terms acid, baste, and normal in classifying salts 
IS to pomt out the composition or structure of each salt, not its 

* Replaceable hydivgea of an acid lefna only to the bydrogen capable of forming ioiu 
fa the caae of organic acida aa will be ibom not all of the bydrogea replaceable 
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behavior toward an indicator Thus sodium bicarbonate (NaHCOa) 
IS classified as an acid salt, but m water solution this salt gives an 
alkahne test with litmus paper The reason for this is given later 
m this chapter 

Naming of Sails: 

Salts are named from the metal and the acid from which they 
are derived A salt of a binary acid, t e , an aad contaming one 
other element besides hydrogen, is given the name of the two ele- 
ments composing it, with the ending **ide ” Thus NaCl is read 
"sodium chlonde ” The endmg "ate” is used for the names of salts 
of ternary acids which end m ic If the name of the ternary acid 
ends m ous, the endmg of the salt is "ite ” Thus Na2S04, a salt of 
sulfunc acid, is named sodium sulfate, while Na2S03, a salt of 
sulfurous acid, is named sodium sulfite If the name of the ternary 
acid has a prefix, the prefix appears m the name of its salts as shown 
m the examples below 


Formula 

Acid 


Sodium Solt 

ESI 

Aer-chlor tc 

NaC104 

Sodium per chlor-ate 

ESa 

Cblor IC 

NaClOs 

Sodium chlor ate 


Chlor ous 

NaClOs 

Sodium chlor ite 

ESa 

Hypo chlor ous 

NaClO 

Sodium hypo chlor ite 

Bl 

Hydrochlor ic 

NaCl 

Sodium chlor ide 


Acid salts are distmguished by the word hydrogen or acid, or by 
the prefix bi,e g, . , _ , ^ 

(Sodium hydrogen carbonate 
NaHCOa^Sodium aad carbonate 
(Sodium bicarbonate 


The use of bi (above) is somewhat confusmg as m some compounds 
it means two Thus HgCU is frequently called bichloride of mer- 
cury If more than one metaUic atom replaces hydrogen, as in a 
tnbasic aad, the foUowmg nomenclature should be used 


NaH2P04 Monosodium phosphate 
Na2HP04 Disodium phosphate 
Na3p04 Tnsodium phosphate 
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Basic salts usually contain th© word basic in their names, or less 
often they contain the prefix sttb, thus 

{ Basic bismuth nitrate 
Bismuth submtrate 
Dibasic bismuth nitrate 

Mixed salts formed by more than one metal replacing hydrogen 
of acids are named thus 

KNaCiHiOc Potassium sodium tartrate 
Double salts result when two different salts crystalhze simul 
taneously from one solution to give crystals which contain both 
salts in a definite proportion The alums, such as potash alum, 
K}S 04 AlafSOOs 24 H 2 O are examples 

SELF>TEST1NG QUESTIOKJS 

6 What IS a normal mU an aad aalt and a b^ic aalf* 

7 Name and an important uaeofa norma) acid andbaaicaalt 
8 How are salte of ternary acida itamed? 

9 May an aod aalt be aKcaline in aotution'^ 

10 State the names and fonaulaa of the todiuin salta of five acids which 
contain cblonne 

11 How are acid basic and sauced salts named? 

12 In what way doea the double aalt differ from the mixed salt*’ 

13 What 13 the rule for naming salU of binary aada*^ 

14 What are aome medicmal uses for bismuth aubnitrate'’ 

Mi HYDROLYSIS OF SALTS 

Water has been previously charactenzed as a nonelectrolyte and 
nonconductor of electnaty, but very careful measurements reveal 
that the purest of water has a very slight ionic dissociation 
(0 00000018 per cent) into hydrogen 10 ns and hydroxyl 10 ns This 
fact helps to explain why aqueous solutions of certain salts are not 
neutral 

Why Some Salt Solutions Ate Not Neulrql 

If one prepares water solutions of a variety of normal salta it 
will be found that some show an aad reaction to litmus others an 
alkahne reaction and still others a neutral effect Since normal 
salts contam neither hydrogen nor hydroxyl radicals they cannot 
m themselves be directly responsible for the acidic and the basic 
solutions The fact that some normal salts m water solution are 



aadic while others are basic is ^plained m terms of reactions of 
ions of the salts with water This type of reaction of a salt, involving 
water, is called salt hydrolysis 

Sodium carbonate is typical of those salts whose water solutions 
are basic A solution of this salt consists of sodium ions and car- 
bonate ions It has been pointed out that water itself is only 
slightly lomzed The following equations express these facts 

NaiCO,-V2Na+-hCO,- 

+ 

2 HOH 5=1 2 OH- -f 2 H+ 

IT 

HiCOi 

The hydrogen ions and carbonate ions combine to a considerable 
degree to give the weak, molecular carbonic acid As a result of 
this, hydrogen ions are withdrawn Sodium ions and hydroxyl ions 
show no tendency to combine, recall that sodium hydroxide is a 
strong base, and m water may be viewed as completely ionic 
Hence there will be m the solution a higher concentration of 
hydro^l ions than hydrogen ions, and consequently the solution is 
basic and turns red litmus paper to blue Notice that the sodium 
carbonate is a salt which is derived from a strong base (NaOH) 
and a weak acid (H2CO3) 

An opposite effect is obtained with the salt ammonium chloride 
In water this salt exists as freely moving 10ns 

NH«CI^NH«++CI- 

+ 

HOH ?=i OH- 4* H+ 

IT 

NH«OH 

Here we notice that hydroxyl 10ns and ammomum ions combine 
extensively to form the weak, molecular ammonium hydroxide 
This consumes hydroxyl ions The chloride ions and hydrogen ions 
do not combme masmuch as hydroddonc acid is a strong, highly 
ionized electrolyte The result is that the concentration of hydrogen 
10ns in the solution is higher than the concentration of the hydroxyl 
10ns, and consequently the solution reacts acidic 

Salts like sodium chloride, which are derived from strong acids 
and strong bases, do not hydrolyze, hence they form solutions 
which are neutral Those salts which are denved from weak acids 
and weak bases, for example, ammonium carbonate, are extensively 
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F<g. 5— 'Atkalcn* Produemg foods. Som« of Hf€ta foods have on add taste. 
Still they ore base farmmg h fh« blood. To dosses do mast alkalme pro- 
ducing foods belongl 


Chemical Balance of the Body: 

When foods are burned outside of the body an add or a basic 
ash may be obtained. Conseguentiy when oxidized in the body, 
they may be considered as either add forming or base forming 
foods (Figs. 4. 5). In general, the adds of fhiits are so oxidized 
in the body that an alkaline a^ results. On the other hand, some 
foods such as cereals and meat, which do not have an add taste, 
yield addle substances when they are digested. 

The blood and the tissues are slightly alkaline, a condition which 
prevents an accumulation of adds in the body. The kidneys, too, 
function in removing adds and thereby help maintain the alka- 
linity of the blood stream {p. 484). The excess of alkali (mostly 
due to sodium bicarbonate) over the add in the blood is known as 
the alkaiifie reserve, and this margin, though very small, is vitally 
important and is called the “chemical balance.” 

To keep the individual healthy, e65cjent, and to maintain his 
physical endurance, the blood must preserve this margin of alka- 
linity, As a guide to building up thfe chemical balance, some of the 
common foods have been classified on the next page.* 

Importance of Salts in the Body: 

Salts do not furnish heat or energy, yet they are very essential 
to life. We wifi ieam later that m, general, salts (I) are necessary 
for protoplasm, tissue, and body structure; (2) maintain the 
elasticity and irritability of the muscles and nerves; (3) maintain 
the neutral or slightly acid or alkaline condition of the body fluids 
and (4) assist in maintaining normal osmotic pr^ure condition; 
(p. 532). 

• Chemistry of Foods and Natrition, Sherman, The Macmillan Co. 
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ALKAlt.PRODUCING FOODS 

ACID-PRODUCING FOODS 

These foods should be used m 

These foods should always be bal 

adequate amounts to maintain the 
favorable alkaline balance of the 
body 

anced by adequate amounts of al- 
kaline foods 

Degree of Acidify 

Degree of Alkatinify 
per 200 Gm 

per 100 Gm 

Bread, white 7 1 

Almonds 

12 38 

Bread whole wheat 

73 

Apples 

3 76t 

Com, sweet, dried 

5 95 

Asparagus 

081 

Crackers 

7 81 

Bananas 

5 56t 

Cranbemea . 

t 

Beans dried 

23 87t 

Eggs 

11 10 

Beans, hma, dried 

41 65 

Egg white 

5 24 

Beets 

10 86 

Egg yolk 

26 69 

Cabbage 

4 34 

Pish haddock 

16 07 

Cantaloupe 

7 47t 

Fish, pike 

11 81 

Carrots 

10 82 

Meat, beef. lean 

13 91 

Cauliflower 

6 33 

Meat chicken 

17 01 

Celery 

7 78 

Meat, Crog 

10 36 

Chestnuts 

7 42 

Meat, rabbit 

14 80 

Conrants, dried 

597 

Meat, veal 

13 62 

Lemons 

6 45 

Meat pork, lean 

11 87 

Lettuce 

737 

Oatmeal 

12 93 

MQk, cow’s 

2 37 

Oysters 

SO 00 

Oranges 

8 61 

Peanuts 

39 

Peaches 

5 04 

Prunes, plums 

J 

Peas, dried 
Potatoes 

707 

7I9t 

Rice 

81 

Radishes 

Raisins 

2 87 1 

23 68 

1 Tile following foods have neither 
chemical reaction 

Turmps 

268 

1 

Butter Cream 

Starch I-ard 

Sugar 


t These foods bavo been found ezpenmeatally to be very efficient in reducioiT the 


t The &sb of these fruits is alksLne but because of substances that form hippunc acid 
in the body they increase the acidity of the uxine 

In general all fruits vegetable nuts and milk are alkaline in the body 


Of all the sources of mineral salts needed by the body, milk ranks 
first (p 603) It contains the balanced quantity of all the salts 
(iron excepted), which are needed for growth of tissues, and strong 
bones and teeth Of particular importance m milk is the salt, 
calcium hydrogen phosphate Green leafy vegetables, fruits, eggs, 
and whole cereal products are also excellent sources of mineral salts 
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Each salt has an important and special function m the body 
The blood, for example, is pracbc^Uy a 1 per cent solution of 
salt and water containing the corpuscles Albumin and sugar are 
also present m the solution 

Iron m the hemoglobin molecule gives color to the blood The 
amount of iron m the body is only about 0 004 per cent of the weight 
of a person, an amount equivalent to a shingle nail However, this 
very small amount of iron is of the greatest importance to life If 
the foods do not contain sufficient iron, then the lowered production 
of hemoglobm may result in anemia, lowered vitality, and msuffi 
cient oxidation in the cells 

Sodium chloride is an essential salt in the body, as the hydro 
chloric acid which is necessary m the gasinc juice for digestion is 
made from it The presence of salt in the fiuids which bathe the 
tissues assists m maintaining the osmotic equilibrium It is the 
salt in the blood which stimulates the action of the heart muscle 
A lack of salt slows the heart’s action, a condition evidenced by 
low blood pressure Since excretion of common salt in sweat is so 
great, it is a common practice to restore the salt lost by perspirmg 
laborers, or by patients with an unusually high fever (hyper 
thermia), by giving them salt tablets (NaCl), along with copious 
amounts of water In meats sodium chlonde is present m sufficient 
quantities to balance the potassium, calaum, and magnesium salts 
Plants, however, do not provide enough sodium chlonde, and as a 
result herbivorous animals seek salt licks m order to maintain the 
nectary chemical balance Too much salt in food may mterfere 
with absorption and the utilization of food, while an excessive 
amount may cause death In human nutrition, salt is used primanly 
to make more appetizing a larger vanety of foods, especially the 
vegetables 

Sodium ions determine the amount of water held m the tissues, 
too high a concentration of sodium ions causing too much water 
to be retained, a condition known as edema or dropsy Conse 
quently in cases of water retention (edema) sodium chlonde is 
resfncfed m the liiet, and sodium free eaff substitutes (KCi, 
NHjCl, Ca3(PO<)2) are used 

Calcium sgJts give ngidity and firmness to the bones A lack of 
these salts produces poor teeth and rickets m children (see p 593) 
Calcium salts axe absolutely essential for the clottmg of the blood 
and they are often admmistered as drugs m certain disease or 




Salts 


19] 


prior to certain operations to assist the clotting properties of blood 
It IS the calcium salts which partially cause contraction of the 
cardiac muscle, while the sodium and potassium salts cause relaxa 
tion The normal beatmg of the heart requires that the fluid bathmg 
its muscles contam the proper proportion and concentration of 
calcium, sodium, and potassium ions Metallic ions furnish the 
hydroxides which neutrahze the aads produced by body activity 
It IS highly important that the acidity (lactic acid) of a cell does 
not mcrease too much, for then its activity is lessened as recognized 
by the sense of fatigue Sometimes this overacidity causes a swellmg 
of the tissues, smce the colloidal material of the cell adsorbs more 
water m the presence of an acid As has been previously stated, 
m the case of all salts of orgamc acids, e g , citrate of magnesia, 
the acid radicals are oxidized m the body to carbon dioxide and 
water, which reactions leave the metalhc ions free to act as base- 
fonmng substances 

Effects of Salts on the Cells* 

The moment salts enter the alimentary tract they begin to with 
draw fluid from the cells by osmosis, sometimes m sufficient quan- 
tity to distend the intestmes and cause bowel movement of 
the salts, however, is absorbed and earned by the blood to the 
cells which are bathed by the lymph If the percentage of salt 
m the lymph is greater than m the cells, water is withdrawn from 
the cells In case the percentage is less, the cells absorb water 
from the lymph, a process called “diffusion ” Diffusion differs 
from osmosis in that it occurs without the intervention of an animal 
membrane It may now be understood how the activity of certain 
organs such as the kidneys may be mcreased by certam salts 

Such metalhc salts as those of mercury, iron, and arsemc are 
absorbed and form insoluble compounds with the proteins of the 
cells If there is an excessive amount of these salts the cells are 
irritated, mjured, and they show symptoms of poisomng The 
functiomng of salts m helpmg to regulate body processes and to 
make possible normal metabolism is presented on pages 526 531 

SELF-TESTING QUESTIONS 

28 In what four ways are salts essential to life*^ 

29 What are the functions of the following salts in the body iron salts, 

sodium chloride calcium salts'* 

30 How do certam salts activate the kidneys'* 
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VI. ALKALOID SALTS 
Properties of Alkaloids* 

Certain nitrogenous compounds of both vegetable and animal 
ongin act bke alkabes in combuungf with acids to form salts These 
compounds are called alkaloids, meamng alkali like With a single 
exception, the alkaloids are denved from plants belonging to the 
dicotyledons, and m some cases the same plants contain several 
alkaloids The hquid alkaloids (as pOocarpme, nicotme and conune) 


SOME IMPORTANT ALKALOIDS AND THEIR USES 


Name 

Source 

Uses 

Cocaioe 

Ci.HaiNOi 

Coca leaves 

Local anesthetic but being extremely toxic 
has been largely replaced by Novocam 

Codeine 

CitH,iNO, 

Opium 

Sedative Similar but leas powerful than 
morphine 

Mciphioe 1 

CitHisNOi I 

Opium 

Sedative aarvotic hypnotic Relieves paio 
Used with tcopolanuBem twilight sleep ’ 

Quinine ' 

CsaHesNsOa | 

Cinchona bark 

Specific m malaria Reducee fever Tonic 
or bitter to stimulate the appetite 

Strychnine i 
CaiHaaNaOi 

Nux vomica 

SUmuJatea the brain and apmal cord A 
heart and respiratory stimulant m col 
lapse Tonic 

Nicotine 

CioHxNs 

Tobacco 
(0 6 to 8 0%) 

Stimulates nervous system Causes Weak 
pulse nausea and voznitmg 

Pilocarpine 

CiiHieNaOj 

Pilocarpus 

Increasee perspiration Acts like nicotine 

Atropine 

CirHasNO 

Deadly night 
shade 

Secretory depressant Dilates the pupil 
Ueed m ophthalmic surgery 

Sructne 

CisHseNsO* 

iVux vomica 

RSyawAignaiiy one twenty /occrtA ae stcwr^ 
as strychnine 

Heroin 

CaiHesKOg 

Derivative of 
morphine 

Similar to morphine Used as sedative and 
to lessen coughing 

Emetine 

CsoHioHaOe 

Ipecac 

Treatment of amebic dysentery, and pyor 
rhea 
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have a disagreeable odor Both the liquid alkaloids and the white 
crystalline, solid alkaloids (as quinine, atropine, strychnine, mor 
phine, codeine, and cocaine) have a strong, bitter taste and many 
are extremely poisonous 

Of the large number of vegetable alkaloids, only a very few have 
been prepared synthetically The first five m the table on page 192 
are commonly used in medicine Atropine and cocame have been 
largely replaced by artifiaal alkaloids 

Smce many of the alkaloids are insoluble in water, their soluble 
salts are commonly used m medicine For example, strychnme 
reacts with sulfunc acid to form strychnme sulfate, a soluble salt 
In the same way morphine sulfate and other soluble alkaloidal 
salts are made Alkaloids may be given hypodermically as well as 
by mouth, and smce their effect occurs chiefly after entenng the 
blood stream it is obvious that only the soluble salts are used 

Antidotes: 

Alkaloids are frequently dispensed as drugs in the hospital owmg 
to their very energetic physiological action upon the body Con 
tinued use makes some of them habit forming drugs, while an over 
dose may prove very toxic Smce the alkaloids and their salts are 
precipitated by tannic acid or potassium permanganate and are 
made mcapable of absorption, these and other so called alkaloidal 
reagents are used as antidotes in alkaloid poisoning cases The 
alkaloids are not easy to identify, but as a class they may be 
precipitated by phosphoraolybdic and phosphotungstic acids, and 
in some cases may be identified by color reactions with sulfunc 
acid and an oxidizmg agent 

SELF-TESTJNO QUESTIONS 

31 What does alkaloid xnean^ 

32 What are three hquid alkaloids'^ 

33 State a use of the five most importaat alkaloids in medicine 

34 Why are the salts rather than the pure alkaloids used in medicine'^ 

35 What two reagents are antidotes for alkaloid poisoning*^ 

SUGGESTED ACTIVITIES 

I Thought Provokikg Questions 

1 Neutralization is the reverse of what other type of chemical change'^ 

2 What are the most important sources of some of the different salts 

needed in the body^ 

3 Why 13 it that carbonic acid and not mtnc acid can form acid salts'^ 

4 Why is there danger connected with the use of alkaloids^ 
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5 ExpIatQ why orange juice, or a atnall dose of sodium hydrogen 

carbonate, is frequently used in the treatment of colds 

6 Complete the following equations 

HCl + NaOH — + 

HCl+Ca(OH)» -* -f 

HCl+Bi(OH), — + 

HNO» +KOH -* + 

HjS04 + NH«OH -* + 

HaSO« + Bi(OH)a — + 

H»POi + Ca(OH)*— + 

7 Give the formula of an acid salt of aulfunc acid, and of phosphoric 

acid (HaP 04 ) 

8 State the chemical name of the following compounds and classify 

each as to whether it is an aad, base, normal salt, acid salt, or 
basic salt 

(a)KaCOs (e) ZnS04 (1) KHC 4 H 4 OS (cream of tartar) 
(«) Cu(OH)j (f) NaaHP04 (i) NaaB40T (borax) 

(c) NH4C1 (g)HClOa (*) NaHCOs (baking soda) 

(d) HNOi (A)NH4HC08 (/) Pb(OH)i*2PbCOa (white 

lead) 

9 Kow does a solution of the acid salt, sodium hydrogen carbonate, 

react with btmus paper^ 

10 When wQl an acid ealt react aa an acid toward litmus paper? 

11 How do you account for the fact that of the two acid salts disodium 

acid phosphate, KasHPO#, and mososodiua acid phosphate, 
NaHsP04, one is alkaline acting m the blood and one is acid 
actmg? 

12 A patient has been taking cold tablets which frequently contain 

some alkaloid She feeb dully and drinks a cup of hot tea or 
coffee Why shoulda t this be done'' 

13 Two soluble salts react to form two new soluble salts How may 

the newly formed salts be separated'' 

14 Of the three sodium phosphatea. which is acid which slightly 

alkalme, and which very alkaline? 

15 How do you account for the constant pH value of the blood even 

though the amount of acid received vanes considerably? 


II Vocabulary TEarroc or New Terms 

salt normal salt “ide’' 

diffusion acid salt ‘ hypo” 

alkaloid basic salt “ate” 

huffjftr "ite‘ 

alkaline reserve “hyper ' 


III Topics for Oral or Written Reports 

1 Use of Common Salt in the Body 

2 The Alkaloids 

3 Incompatibility of Ceiiam Medicinals 

4 Importance of Minerab la the Diet 

LABORATORY CHEMISTRY 

Laboratory exercises for thb chapter will be found on pages 686, 689 
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NONMETALS AND METALS 


CHAPTER OUTLINE 


Nitrogen and Its Compounds 

(a) Occurrence and properties of 

luUogen 

(b) Nitrogen essential to plant Lfe 

(c) Uses of nitrogen 

(d) Compounda of nitrogen 

Halogens, Sulfur, Phosphorus 

(a) The halogens 

(b) Sulfur 

(c) Phosphorus 

Carbon and Its Compounds 

(a) Natural farms of carbon 

(b) Chemical properties 


IV Oxides of Carbon 

(a) Carbon dioude 

(b) Carbon dionde-ozygen 

cycle 

(c) Carbon monoxide 
V Metals 

(a) Clasaifyiog elements ae metals 

(b) Listing met ils according to 

activity 

(c) Tarmahmg of metala 

(tl) General methods of removing 
tamisb 

(e) Cleaning of aome common 
metala 

VI Alloys OF Metals 

(a) Nature of alloys 

(b) Properties of ^oys 


I, NITROGEN AND ITS COMPOUNDS 

About seventy of the elements are base forming and as such are 
called metals Calcium, for example, is a base-formint? element, 
since its oxide unites with water to form the base, calcium hydroxide 

CaO + HOH Co(OH)2 

The remaining elements, with their general properties somewhat 
the opposite of metals, have acid-forming properties and are called 
nonmentals * Sulfur, for example, is an acid forming element since 
its oxide imites with water to form sulfurous acid 

H 2 O + SOj->H2S03 

Before taking up the study of some of these elen ents, in order to 
have some idea of the general differences between metals and non- 
metals, the following comparison is given 

* From tbe electron standpoint, an element which losea electrons is left positively 
charged gT,<l is called a metal, while any element which gains electrons is called a non 
metaL 8ome elements, and especially those having three to five valence electrons may 
act as metals or as nonmetals Such elements are said to be amphoUne For instance, 
their oxides under some conditions may be amdic and under others may be basic. 
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Metals 

(Fe Cu, Ug, Ag, etc ) 

Nonmetals 
(0, N, P. Br, etc ) 

Solids (except Hg) 

Mostly gases (or bnttle eohds) 

Opaque, with nurror like surfaces 

Mostly transparent 

Malleable, ductile 

Not very maUeable or ductile 

Good conductors of heat 

Poor conductors of heat 

Good conductors of electncity 

Poor conductors of electricity 

Base formers 

Acid formers 

Lose electrona to foim + ions 

Gain electrons to form - ions 


Occurrence and Properties of Nitrogen: 

The inert gas nitrogen makes up about four fifths of the air and 
IS of great importance, smce it is indirectly essential to life and is 
present m all living matter, both animal and vegetable In the 
combmed state, nitrogen is foimd m only a few mineral compounds 
(NaNOs, KNOj), and most of these compounds have been pro- 
duced by plant or anunal life Proteins, which form a valuable 
constituent of our foods, are nitrogen compounds In fact, nitrogen 
18 the principal element m the living cell 

Nitrogen, like oxygen and hydrogen, is a colorless, odorless, taste- 
less gas, but differs m its chemical action in that it is not active at 



Rg 1— Mulhplymg Bacteno at Work. Ob 
»«rva Iho nodules formed by the n Irogen 
Axing bacteria which convert free nitrogen 
of the air into soluble nitrates. The peo 
nuts ore used for whot purposes? Courtesy, 
U 5 Dept of Agriculture 
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ordinary temperatures At high temperatures, however, mtrogen 
does combme directly with a few elements to form a class of com 
poimds called nitrides 

Nitrogen Essential to Plant Life 

Although mtrogen is essential to the life of all cells, yet, with 
few exceptions, the cells of plants have no power to utilize the 
free mtrogen of the air It was long known that certain plants, 
such as clover, peas and beans, would thrive well on ground which 
would not produce good gram crops Also, it was known that the 
soil after growmg these crops of clover, peas, and beans would 
become enriched, and would then produce a good crop of gram 
Years of mvestigation showed that these plants produced httle 
nodules on their roots, and that in these nodules (Fig 1 ) bved 
microorganisms which possessed the power of taking free mtrogen 
from the air and convertmg it into compounds of mtrogen for 
plant food These root nodule bacteria do not necessarily feed 
their captured mtrogen directly to their hosts, but excrete into the 
soil considerable quantities of the essential buildmg blocks of the 
proteins, as aspartic acid whidi the ho5t>plant is able to use 
Upon death the plant roots ennch the soil It is for this reason 
that crops are planted m rotation, t about every third year 
the ground is enriched by planting clover or some similar legu 


Rg 2— The N trogen Cycle 
The processes involving nitrogen 
In the Ives of plants and on 
mats never end hence the term 
nitrogen cycle 


THE NITROGEN CYCLE 





198 


Inorganic Chemisiry 


minous crop. Recent inv^tigation has disclosed that higher plants 
can capture nitrogen directly irom the air without the aid of root 
bacteria. 

In addition to the nitrogen-fixing bacteria which change the 
nitrogen of the air into soluble mtrates, there are the denitrifying 
bacteria, which are constantly breaking down the nitrogen com- 
pounds in the soil. In this way large quantities of nitrogen are 
returned to the air as shown in Fig. 2. 

Uses of Nitrogen: 

The nitrogen in the air serves to dilute and thereby diminish the 
chemical activity of the oxygen. Nitrogen enriches the soil through 
the agency of certain plants, from which the same or other plants 
build up complex compounds in their growth. Animals feed upon 
these plants, and assimilate the nitrogenous matter which then 
becomes an essential part of animal tissue. In both plants and 
animals the nitrogen is present chlefiy in the form of proteii:s, 
which are complex compounds containing the elements carbon, 
hydrogen, oxygen, and nitrogen, and frequently phosphorus 
and sulfur. It should be remembe^ that the human body needs 
nitrogen, but cannot use the nitrogen of the air or any other form 
of nitrogen unless it be in the form of a protein molecule. The 
exact structure of the protein moleode is unknown. The simplest 
formula calculated for oxyhemoglobin, CTssHnsN^oTSaFeOzio. gives 
US some idea of the complexity of the protein molecule. 

Compounds of Nitrogen: 

While a great many compounds of nitrogen are known it is 
sufficient to become acquainted with only a few of the simpler 
ones. Nitric acid (HNO3) has been discussed (p. 151). 

Ammonia (NHa); Ammonia gas is produced whenever nitroge- 
noxia organic matter as blood, flesh, or manure decays. Originally 
it was prepared by simply heating the hoofs and horns of animals, 
and passing the evolved gas into water. Some ammonia is obtained 
by heating soft coal in the absence of air, a proc^ called destruc- 
tive distillation. The direct synUiesis of ammonia from nitrogen 
and hydrogen by the Haber process is the most important com- 
mercial source. In the laboratory, Eunmonia is readily prepared by 
heating any ammonium salt with a strong base as shown in the 
following equation: 
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NH4CI + NaOH -> NaCl + NH4OH 

I 

NHs + H2O 

Ammonia is a colorless gas, having a characteristic imtatmg, and 
penetratmg odor, and it is extremely soluble m water When dis 
solved m water it is called aqua ammonia, ammonia water, or 
ammomum hydroxide, and m this form it has a household use as a 
cleanser and water softener, 

NHs + NH,OHS=i NH4+ + OH 

Some soap is generally added to the household ammoma m order 
to assist m the cleaning Ammonia, hquefied under pressure is 
used m refrigeration plants to produce coohng by its own expan 
Sion Manufactured ice is made by this process as explamed on 
page 162 



Fig 3— Analgesia Controlled by the Fot ent By meons of a speeiolly constructed 
machine for the induction of nitrous oxide and oxygen a pot ent breathes himself 
into a state of analgesia Releasing the pressure on the bulb automat cally shuts 
off the n trous oxide and at the same t me Increases the flow of oxygen. Why 
IS there no donger of complete unconsciousness? Courtesy 7he Ohio Chemical 
and Mfg Co 
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Salts of Ammonia Ammonia combmes with any acid, and the 
compound formed is an ammomum salt, for example 

NHj + Ha NH4CI 

Ammomum chloride is the salt formed m the above reaction All 
of the ammomum salts are very soluble and some find extensive 
use m medicme as heart stimulants and expectorants Smelling 
salts am made by mixmg unstable ammomum carbonate with some 
pleasant smelhng extract 

Nitrous Oxide (N 2 O) Nitrous oxide is the practically odorless, 
bght gas which the dentist and pbyaiaan use as an anesthetic for 
many operations (Fig 3) It waa the first gas ever used to render a 
patient imconscious of pam When mhaled m limited quantities, 
mtrous oxide produces a kmd of hysteria and consequently has 
offen been referred to as “laughing gas ” It is our weakest inhalfl 
tion anesthetic, but our safest one because oxygen is always the 
antidote, the color of the patient, the breathing and reflexes are 
guides showing the depth of anesthesia When mixed with oxygen 
(fi to 10 per cent) as an anesthetic it is quick in action pleasant 
to take, evanescent m its effect, and because of its nontoxicity 
causes no permanent effect of any significance Helaxation of the 
muscles with mtrous oxide is very slight, and consequently this 
anesthetic is not used where deep relaxation is required, as m 
major surgery 

Amino Acids These are discussed more fully later (p 384), and 
it IS, therefore, sufficient to know at this tune that these acids are 
important compounds of mtrogen and are the end products of the 
digestion of protein They are absorbed from the mtestme, taken 
into the blood stream and earned to the tissues Ammo acids are 
the decomposition products of meats eggs and other proteins by 
enzymes or by bactenal action 

SEIF-TESTINO QUESTIONS 

1 How would .you doSoe a metal asd a oonmetal from tbeir i)roperbea 

and also from the electros ataadpomt'^ 

2 How does nitrogen occur m nature? 

3 What are the chemical properties of nitrogen’ 

4 How does nitrogen of the air ennch the soil? 

5 How do we obtain the nitrogen that serves to build the tissues of tbe 

body? 

6 What >a the composition of tbe protein molecule’ 

7 How is amaoaia produced’ 
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8 What are some common names f(» NH«OH? 

9 For what is ammomum hydroxide used*’ 

10 What are the medicinal uses of ammomum salts'^ 

11 Why IS mtrous oxide considered a good anesthetic? 

12 How are amino acids formed and what does their presence mdicate? 


IL HALOGENS, SULFUR, PHOSPHORUS 


The Halogens* 

The nonmetalhc elements, chlorme (Cl), bromme (Br), lodme (I), 
and fluorine (F), make up a group of elements called the “halogens,” 
i e , salt formers These elements have very similar properties, and 
all of them are poisonous and corrosive, and combme with hydrogen 
to form acids 

Chlorine This is s greeni^ yeUow gas with a disagreeable, 
suffocating odor, and a very imtatmg action on the mucous mem- 
branes of the nose and mouth Chlorme is very poisonous, and 
exposure to it for short periods produces senous pulmonary trouble 
When chlorine is breathed it combines with the hydrogen of the 
water m the tissues and forms hydrochloric acid, which destroys 
the air cells m the lungs 


Clj -h 


HsO -4 HCI + HCIO 

4- 

HO -f" (OJ oxygan) 


■'Bleachmg powder (CaOCl 2 ), a compound prepared from slaked 
hme and chlorine, is used as a convenient source of chlorine for 
whitenmg paper and bleaching cotton and hnen fabncs As has been 
stated, hqvud chlorme is extensively used in the disinfection of 
pubhc water supphes (p 78), and the treatment of sewage 
Even though chlorme has been widely used as an antiseptic, its 
imtating and poisonous properties have prevented its use in or on 
the human body Nevertheless, some inorganic chlorine compounds 
(hypochlontes) as chlorinated lime, JaveUe water, and Dakin's sola 
tion (p 150), have been used Owing to the mstabihty of these 
morganic compounds, however, certain orgamc chlorme compoimda 
(e g , the chloramines) have been widely substituted They keep 
better and hberate chlorine more slowly under favorable condi- 
tions Chlorme is used to form Uie hypnotic chloral (CCI 3 CHO), 
and the anesthetics chloroform (CHGI 3 ) and ethyl chlonde 
(C 2 H 5 CI) Considerable chlorme in the form of carbon tetrachio 
nde (CCI 4 ), and trichloroethylene, is used m the drycleanmg busi 
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ness. Carbon tetrachloride is used in making fire extinguishers of 
the Pyrene type 

Bromine. This is a dark red liquid which has a strong suiTo' 
eating smell. It gives off irritating fumes and has an intense corro* 
slve action on the skin, causing a very serious bum; consequently, 
great care should be used in handling this element. Bromine acts 
on the nose and throat as does chlorine, and also irritates the eyes. 
Sodium, potassium, and ammonium bromides are all used medically 
as sedatives, but their continued use disturbs digestion, and brings 
on the state of brominism Other sedatives are discussed on 
page 298. 

Iodine This is a dark gray solid which easily vaporizes into 
violet-colored fiimes It is almost insoluble in water but very soluble 



Fig 4— Hypertfiyroitfism end HypothyroidJwi OveroeriWfy and wideroettWty of 
thyroid gland morkfedly Influence the eneioy metabolitm In which eoie will It 
be obove normal? Courteiy, Unf/erofy Hoepitole, CUvIand 
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in alcohol which contains a small quantity of potassium iodide. 
This solution has very valuable antiseptic properties, and it is sold 
commercially as tincture of iodine. Because of its coagulating 
effect upon the tissues, and consequent inability to penetrate or 
irrigate deep wounds, its use is limited to disinfections of skin and 
surface wounds. Concentrated solutions and repeated applications 
of iodine are irritating and destructive to tissues. Many com- 
poimds of iodine are used in medicine. Recently, preparations 
called lodophors have been developed for a more effective use ot 
iodine. In minute quantities, iodine is a constituent of most 
natural waters, and as a constituent of the active principle of the 
thyroid gland it is essential in maintaining the normal rate of 
metabolism. A deficiency of iodine in some instances, at least, 
brings on an enlargement of the thyroid gland known as simple 
goiter. Small amounts of sodium iodide in table salt have been 
successfully used where the gland is deficient in its secretion of 
iodine and has not become enlaced to any great extent. Where 
there is an overproduction of the active principle, as in exophthal> 
mic goiter, the use of an iodide is to be avoided since it might bring 
on hjrperthyroidism. Patients with goiter are also being treated 
with radioactive iodine (p. 234.) 

When a very small amount of iodine solution is brought in con* 
tact with sta^ a blue color is produced. This characteristic 
reaction is used as a test for either iodine or starch. 

Fluobine: This element is the most reactive of the nozunetals 
and certain salts find important industrial uses. Of interest is the 
use of fiuorides for drinking water to prevent dental caries. Re* 
search has shown that a fiuoride content from .5 to 1.2 parts per 
million is a desirable concentration for this purpose. However, 
higher concentrations of fluorides in water result in mottled enamel 
of teeth in children. At the present, many communities are 
practicing fluoridation of water. 


Sulfur: 

We are all familiar with the yellow appearance of the nonmetal, 
sulfur, and we have previously learned that it is moderately active, 
binms in air, and unites readily with many other elements. It is 
used in the preparation of sulfur dioxide, sulfuric add, carbon disul- 
fide, metallic sulfides, and vulcanized rubber. Medicinally, it finds 
a \ise in the treatment of some parasitic skin diseases such as scabi^. 
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Phosphorus: 

Phosphorus, hke sulfur, exists m different forms called “alio 
tropic” forms In the case of phosphorus, the two most common 
(oTtoa are known as white and red phosphorus The white variety 
IS very flammable, a violent poison, and quite soluble in carbon 
disulfide Red phosphorus is not so active chemically, is not 
poisonous, or soluble m carbon disulfide The chief uses of phos 
phorus are in making matches, rat poison and hard alloys Phos 
phates are important in mamtammg the fertility of the soil Com 
pounds of phosphorus exist m the bones, teeth, muscles, nerves, 
and brain tissues In the blood, one form of phosphorus is asso 
ciated with the fat content In the body, a deficiency of phosphates 
makes weak bone structure 

SELF-TESTtNG QUESTIONS 

13 What are the halogem^ 

14 Why IS chlorioe poisonous'^ 

15 For what u chlorine used? 

16 What compounds of chlorine have been used for antiseptic purposes^ 

17 Give 8 medicinal use of sodium potassium and ammonium bromides 

18 What IS tmcture of iodine? 

19 What IS the importance of iodine in the thyroid gland? 

20 What IS the effect of too much or too little iodine is the thyroid glands? 

21 Name a medicinal use of sulfur 

22 How do the two forms of phosphorus differ m their properties? 

23 How is phosphorus important in the body'' 

III. CARBON AND ITS COMPOUNDS 

Carbon and its compounds have been known and pnzed from re 
motest antiquity as they are so importzint m supplying man’s 
greatest needs — ^food warmth, and clothing Large quantities of 
carbon are found in the free state m nature, coal, for example, is 
an impure form of carbon 

Natural Forms of Carbon: 

COAi, Coal exists in several varieties which represent different 
stages m the decomposition of vegetable matter m the absence of 
air At one time m our earth’s history, vegetation flourished to a re 
markable extent This vegetation evidently became covered to a 
great depth with earth, where under enormous pressure and m the 
absence of air, it underwent a slow decomposition with the evolu 
tion of gases, and the formation of coal 
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The many vaneties of coal found on the market may be roughly 
divided into two great classes, namely, hard or anthracite coal, and 
soft or bituminous coal Bitummous coal contains more volatile 
matter than the hard coal It bums with a sooty flame and 
evolves more gases (hydrocarbon) than hard coal Soft coal is 
commonly used as fuel, and m the manufacture of illummatmg 
gas 

Some forms of coal, such as cannel coal and hgnite, contain even 
less uncombmed carbon, while peat is a first stage m the formation 
of coal from plants 

Graphite This is a crystallme form of carbon found m nature 
Most of the graphite is now made by heatmg coal m an electnc 
furnace Graphite is made up of soft, flat scales winch present a 
good sliding surface, and for that rea«>n it finds extensive use as a 
lubricant Some graphite is used to make “lead” pencils, and 
crucibles It also serves as a paint for iron ware 
Diamond This is the third form of carbon to be found in 
nature It is also crystallme and is colorless when pure The 
different colors in diamonds are due to the foreign substances 
dissolved in the carbon The diamond is the hardest substance 
found in nature and consequently has a use in making many cuttmg 
instruments The real value of the diamond hes m its high mdez 
of refraction (abihty to bend rays of hght), which produces a 
sparkhng play of colors A diamond as found very seldom weighs 
more than 20 Gm The largest diamond found weighed 3025J^ 
carats (a carat is about 0 2 Gm ), but subsequent cuttmgs reduced 
the largest smgle portion of this diamond to 516^ carats 

Amorphous Carbon This is a noncrystallme form and is a 
result of the decomposition of vegetable and animal matter m the 
presence of heat and m the absence of air The common physical 
properties of carbon, as the color and the specific gravity, are the 
results of the temperature at whidi the carbon is formed The 
blackest form of carbon is made at the lowest temperature 

Lamp Black and Carbon Black Lamp black is practically 
pure carbon and is produced by the incomplete combustion of 
hydrocarbons, compounds of hydrogen and carbon, such as heavy 
oil The operation is very analogous to the smoking of a coal oil 
lamp The hydrogen of the hydrocarbons burns, but much of the 
carbon is left unbumt as a soft, greasy powder Lamp black is used 
to make pamt, and India and prmter’s ink Carbon black is made 
by the same method from natural gas It is the blackest and most 
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finely divided substance knovm to commerce, and is used m the 
rubber mdustry to improve the durability of rubber products 
Bone Black This is obtained by heating- bones m the absence 
of air It is used m the sugar mdustry to remove the yellow coloring 
matter from sugar solutions Bone black is also used to adsorb the 
color in certain oils It contains considerable calcium phosphate 
Charcoal This is made by heatmg wood without access to 
air The volatile matter expeUed consists of such valuable sub 
stances as wood alcohol, acetic aad, and acetone The operation 
13 known as destructive distillation Tbe charcoal left is used as a 
fuel On account of their remarkable power to adsorb gases, char- 
coal tablets are used as a gastric medicme Gas masks used m 
warfare, and now in many mdustnes as a protection against poison 
ous gases, contain a specially made charcoal known as activated 
charcoal Activated charcoal also finds an important use in the 
purification of industrial waters (p 79) One volume of such 
charcoal is able to adsorb several himdr^ volumes of some gases 
Core This is a harder form of carbon, and is prepared at high 
temperatures by the destructive distillation of soft coal The 
volatile materials here are coal gas, ammonia, carbolic acid, ben 
zene, and tar Coke is a very valuable fuel 


Chemicol Properties* 

In its combmed form, carbon exists m thousands of compounds 
Natural gas, petroleum, carbonates, and all bving organisms are 
largely composed of compounds of carbon 

The forms of carbon differ in their physical and to some extent 
in their chemical properties however, all forms are odorless, taste 
less solids, insoluble m water At ordinary temperatures carbon is 
inactive, but at high temperatures it is very active and combines 
directly with oxygen to form either carbon dioxide (CO?) or carbon 
monoxide (CO) Carbon also combine with a few elements to form 
compounds called carbides, e g , 


SiCs -f S SiC 2 CO 


Sil ton carbid* 
erCarbonmdum 




CaO + 3 C CoCs + CO 

Ccihiuni CQrb da 




The calcium carbide is used m making acetylene gas 
CaCa + 2 H 2 O -4 CjHj -h Ca(OH)2 

Aceljrltns 
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Carbon also unites with sulfur to make carbon disiilfide, a good 
solvent. 

C + 2 S CS 2 

SELF-TESTING QUESTIONS 

24. What is a hydrocarbon? 

25. How does anthracite coal differ from bituminous coal? 

26. What is graphite and for what is it used? 

27. What are two crystalline forma of carbon? 

28. How are the amorphous forma of carbon produced? 

29. For what is each amorphous form used? 

30. With what will carbon unite? 

31. Name two important carbides and their chief use. 

32. What is destructive distillation? 

IV. OXIDES OF CARBON 
Carbon Dioxide {CO3]: 

This is a colorless gas that is always formed when carbon fuels 
bum completely. 

C *1* O 2 CO 2 

Carbon dioside is also formed in respiration, and during the 
fermentation of sugar to make alcohol. Carbon dioxide is given off 
from volcanoes and is found in coal mines under the name of choke 


Fig. 5— Pertussis Outfit, hhalatlom of 
carbon dioxide'Oxygen keep lung* 
sufficiently clear so that the paroxysms 
may be appreciably diminished In fre* 
quency and Intensity. It Is especially 
useful in cases of whooping cough. 
How does this mixture of gases pro- 
mote recovery^ Courtesy, Ohio Chem- 
leal and Mfg, Co., Cleveland, Ohio. 
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damp. Since it reacts with limewater to make a whit© precipitate, 
this property constitutes a simple trat for carbon dioxide 
In respiration, any increased exertion causes a correspondingly 
increased amount of carbon dioxide to be given off by the tissues 
and absorbed by the blood Since carbon dioxide readily unites 
with water, forming carbonic acid, the hydrogen ion concentration 
in the blood is increased. 

H2O + COj H2CO3 + HCO3- 



Fig 6 A CO 3 Fire Extinguisher The cytnder b charged with carbon dioxide 

under pressure What are adranlages of d«» typo of extinguisher? Courte// of 
Fyr fyter Company 
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This resultant increased acidity in the blood stimulates the 
nervous centers of respiration to an increased activity The respira- 
tion IS mcreased m order to expel the carbon dioxide from the blood, 
thereby lowenng the hydrogel ion concentration Consequently 
more rapid breathing after exertion is not wholly due to a need for 
more oxygen 

In the chapter on oxygen we learned that pure oxygen is often 
admmistered m cases of suffocation or collapse Experiments have 
shown that a mixture of 93 per cent oxygen with 7 per cent carbon 
dioxide IS much better to administer than pure oxygen, smce this 
mixture promotes deeper breathmg Deep breathmg enables the 
patient to expel more quickly a poisonous gas, such as carbon 
monoxide, and enhances the possibihties for recovery For preven- 
tion of postoperative comphcations, a common practice is to give 
the oxygen carbon dioxide mixture by inhalation for three mmutes 
every hour for 24 hours, to patients who have had major operations 
with prolonged anesthesia 

Carbon dioxide is a food for plants, and it is used m the manu- 
facture of soda water and similar beverages It is a good £re 
extinguisher, smce it is a heavy gas and a nonsupporter of com- 
bustion (Fig 6) It also serves as an aeratmg agent m baking 
since it produces the desired bghtness In the sohd form, under 
the name of "Dry Ice,” carbon dioxide is used as a commeraal 
refrigerant 

Carbon Dioxide-Oxygen Cycle: 

Carbon is a necessary element for both plant and ammal struc- 
ture Animals obtam carbon through the agency of the plants, 
while the plants, m turn, obtam it from the carbon dioxide of 
the air 

In the presence of sunlight and the catalytic agent, chlorophyll, 
the piant takes the carbon dioxide from the air, comhmes it with 
the water from the ground, and stores it up m the plant as a carbo 
hydrate with the absorption of solar energy This chemical process 
18 called photosynthesis * 

* According to theory there is fint formed carbonic aad then formaldehyde which 
latter aubetance combines with several of its molecules (polymerizes) to form glucc^e. 
This process contmues with the eltminahon of water and produces polysaccbandes 
(starch and cellulose) The equations are as follows 

H*0 + COa— -HjCOs 6H CHO — CeHisOs 

HsCOs — ■ H CHO + Oj XCeHtsOs -► (CsHioOslx -f XH 3 O 
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6 CO 2 + 6 HaO - CeHjsOe + 6 O 2 

From From «Fitoraphyl Energy be ng 

otr foil fS77Jl ttortd 

Notice that solar energy (677 2 Ca! ) is required to produce a 
gram molecule of a simple carbohydrate (180 Gm ) Upon bemg 
used as a food, oxidation releases the potential energy (calories 
stored therein) with a reversal of the above chemical reaction 

CgHigOe + ^ O2 6 CO2 + 6 H2O 

From From nxrgy roltated 

food alf (6/7.2 Color e>) 

This, then, shows the mterdependence of plants and anrmalg for 
both carbon dioxide and oxygen (Fig 7) No other chemical leac- 


FIq 7— Corben Doxtd*-Oxyo*t« Cycle 




tion in all the world is of such great importance to man since 
through photosynthesis the carlwhydrates produced not only 
supply us with food but they are also used by the plant in the manu 
facture of fats and proteins Furthermore, only m this manner do 
we get energy directly or mdirectly from plant and animal life 

Carbon Monoxide (CO) 

This 13 always formed when carbon bums m a limited supply 
of oxygen 

2 C + Oj -4 2 CO 

ITie gas bums with a pale blue flame and may be observed by 
watching the flame over any coal fire Its most stnkmg chemical 
property is its abihty to combme with oxygen Carbon monoxide 
IS extremely poisonous, causing more deaths than all other gases 
Just as long as fire is used for heat and power, the hazards of carbon 
monoxide can never be entirely dimmated Air contaming 0 1 per 
cent of carbon monoxide gas will produce insensibility m two hours 
and death shortly thereafter Carbon monoxide is often formed m 
name explosions, and birds have been used to warn the men of the 
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Since incomplete combustion always produces carbon monoxide, 
great care should be exercised wherever combustion is taking place. 
The danger is great wherever automobile engines are running in 
enclosed buildings Also since all cars average about 5 per cent of 
carbon monoxide in their exhaust, it is evident that this alone 
constitutes a great health hazard (Fig. 9 ). The last statement 



Fig 9— Fumes Contain a Poison With Mie motor running, the air in a 
dosed garage soon becomes falof, because of (he accumuiahon of poisonous 
carbon monoxide gos Whot mokes this gas so dangerous? 

means that many automobiles produce approximately one cubic 
foot of carbon monoxide per mmute, which by accumulation in a 
closed one-car garage is suffident to produce paralysis m 10 or 15 
minutes and death withm half an hour. When asphyxia does occur 
it is the result of the failure of respiration. At such times, the 
poisonous carbon monoxide must be removed, the respiratory 
stimulant carbon dioxide lost daring Uie development of asphyxia 
must be restored, and the oxygen-carrying power of the blood must 
be renewed. Methylene blue (1 per cent) has been claimed as an 
antidote for carbon monoxide as well as for cyanide poisoning. 





Whether hypodemiically injected methyJene blue can promote 
recovery is to be questioned, but it is well established that recovery 
may be brought about by the inhalation of oxygen which changes 
the carbon monoxide hemoglobin back to oxyhemoglobin and at the 
same tune saturates the blood with oxygen 

In this “machine age” the machine shown m Fig 10 produces 
artificial respiration when m certam cases normal respiration 
ceases 

Gas masks used for adsorbing carbon monoxide contain a mixture 
of metallic oxides, mostly MnOz, called “Hopcahte,” which acts as 
catalyzer to make the carbon monoxide combme with the oxygen of 
the air to form carbon dioxide 

SELF-TESTING QUESTIONS 

33 In what ways is carbon dioxide formed'^ 

34 What IS choke damp‘d 

35 What IS a test for carbon dioxide’ 

36 How does carbon dioxide aid in anesthesia’ 
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37 What are some commercjal uses of carbon diorrde^ 

38 What 13 photosynthesia? 

39 How do plants and animals regalate the amount of oxygen and carbon 

dioxide m the air? 

40 How IS carbon monoxide produced’ 

41 What 13 the moat important chemical property of carbon monoxide/ 

42 What is the effect of breathing carbon monoxide’ 

43 How may the presence of carbon monoxide be detected’ 

44 What IS the immediate treatment for asphyxia when it la caused by 

carbon monoxide? 


V. METAIS 

Classifying Elemenfs as Metals: 

So far we have dealt almost exclusively with the nonmetallic 
elements, such as oxygen, nitrogen, the halogens, sulfur, phos- 
phorus, and carbon Each of these elements (C excepted) with 
more than half of the electrons needed to fill out its outer atomic 
shell usually gains electrons, and consequently has a negative 



Fig 1 1— Nonmelol Oxygen (O) Six Fig 12— -Melet Sod um (Nal Ore 

electrons in outer ifteli Eoi ly gams two electron <n outer tHell Easily loses ore 

electrons Negative valence of 2 O electron Positive votence of 1, No'^ 

valence TTie oxygen diagram shows the valence electrons of a 
typical nonmetal (Fig 11) 

On the other hand, there are over fifty elements each of which 
has less than half of the electrons needed to fill out its outer atomic 
shell of eight They give up their electrons easily during chemical 
change, to form positive ions "niese elements are called metals 
In general they unite with nonmetals to form salts, they decompose 
acids, and they umte with oxygen to form basic anhydrides, t e , 
their hydroxides are bases The diagram above is that of sodium, 
a typical metal (Fig 12) 
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Listing Metals According to Their Activity: 

The chemical activity of metals depends upon the ease of their 
atoms to lomze, and since this ability vanes it is possible to arrange 
the metals m the order of decreasing activity This partial senes of 
metals, with the inclusion of hydrogen, is referred to as the Activity 
or Displacement Senes (p 145) because of the ability of each ele 
ment to replace the metals below from their salts Thus an iron 
nail will replace copper m a copper sulfate solution 
Fe“ + Cg++S 04 --^ Fe++S 04 “ + Cu® 

A glance at the Activity Senes shoira the feasibility of using 
alummum v^sela to hold solutions of those salts above it, of 
usmg chromium or nickel plated instruments to handle common 
salt (NaCl) and Epsom salt (MgSOi) dressmgs or packs, and of 
usmg vessels made of alummum, zmc, or iron when cookmg foods 
containmg salts of those metals above them On the other hand, 
avoidance or caution must be exercised m usmg solutions of salts 
of those metals below the above mentioned metals For instance, 
alummum vessels should not be used to 
hold iron solutions, chromium or nickel 
plated instruments should not be left in 
contact for any appreciable time with 
bichloride of mercury (HgCh) or silver 
nitrate solutions, and lastly similar pre 
cautions must be kept in mind when 
cookmg foods which contain iron, such as 
spmach, in aluminum vessels 

The position of hydrogen is noteworthy 
All metals above it are very active, especi 
ally those at the top, and at some tem 
peratures can replace hydrogen in water, 
acids, and many other compounds con 
taimng hydrogen On the other hand, 
those metals below hydrogen are not so 
active, do not hberate molecular hydro 
gen from acids, can be acted upon only by 
oxidizing acids (HNO3, H2SO4), may 
occur uncombmed in nature are easily 
extracted from their ores, and ordinarily 
do not corrode It is the lack of diemical 


ACTIVITY SERIES 
(Partial List) 
Potassium 
Calcium 
Sodium 
Magnesium 
Aluminum 
Zmc 

Chromium 

Iron 

Cobalt 

Tin 

Hydrogen 

Copper 

Mercury 

Silver 

Platinum 

Gold 
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activity or the resistance to comsion (oxidation) that mates 
certain metals desirable m the home, hospital, and m mdiistry 
Articles made from them make a good appearance and preserve 
their usefulness over a long period of time In estimating the use 
fulness, we must not fail also to consider their physical properties 
luster, as the shimng quahties of silver, malleability, or the abihty 
to be hammered out into thin sheets, as gold leaf, ductility, or the 
abihty to be drawn out mto wire, as platmum, hardness, or the 
resistance to permanent change of form, as chromium, conductivity 
of heat, as alummum, and the conducimty of electricity, as copper. 
The physical properties of the famihar metals as well as toeir 
resistance to xvear and corrosion determine their usefulness 

Tarnishing of Mefols* 

Most metals become discolored or tamisbed, either after being 
used or exposed to moist air In the latter case, the tarnish gener- 
ally IS due to the formation of an insoluble oxide, such as that 
formed on iron, lead, aluminum, zmc, and mckeL Sometimes the 
tarmsh is due to the action of oxygen, carbon dioxide, and moist 
air as the formation of a carbonate upon copper, or alloys con- 
taming copper (brass, bronze) At ordinary temperature, tm end 
silver do not b^rae costed with a noticeable tamisb, but silver 
m the presence of sulfur or sulfur compounds, as hydrogen sulfide 
m the air or the sulfur m egg yolk and other foods containing 
sulfur compounds, darkens because of the formation of black, 
insoluble silver sulfide The tarnish or rust on iron is generally 
considered as the hydrated form of iron oxide (2 FezOa • 3 HsO) 

In addition to the tarmsh consisting of oxides, carbonates, and 
sulfides, it IS also well to consider Uie presence of grease, espeaally 
in the case of kitchen utensils 

General Methods of Removing Tarnish’ 

Both aads and alkalies remove grease and some types of tarnish, 
but they cannot be used on all metals Grease is readily dissolved 
from mefais by naphtha or gasohne without any injury to the 
metals Tarmsh may be removed convemently by scounng with 
abrasive material, care bemg taken not to use any abrasive that 
will scratch the metal These abrasives include infusorial earth 
(sibceous earth) for scounng 8oaj» and powders, whiting (chalk) for 
pohshmg silverware, and steel toool with good soap suds for kitchen 
utensils (except those of tin) 
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Cleaning of Some Common Metals 

Cleaning in the hospital is a most important factor since it 
includes the proper maintenance of cooking utensils, surgical instru- 
ments, furmture and other metaUic materials Method for clean 
mg and polishing of some common metals follow 

Aluminum Hus is the most interesting metal used in the home 
It IS characterized by bemg very bght m weight and having a 
silvery white color, the dullness usually associated with aluminum 
articles is the result of a thin coatmg of the oxide, which prevents 
any further tarnishing of the metal This oxide tarnish may be 
removed by cookmg an acid food m the alummmn vessel, or by 
allowmg vinegar to stand for several hours m the vessel Smce 
alummum dissolves and darkens m contact with alkaline solutions, 
washing soda or strong alkalies cannot be used for cleaning alumi 
num ware 


2 Al -f- 6 NaOH -f AiOs 3 Hz 

Because alummum is durable, attractive m appearance, hgbt m 
weight, easy to clean, an excellent conductor of heat, almost un 
c^nged m air or water at ordmary temperature, and not affected 
by common foods, this metal is extensively used in makmg many 
kitchen utensils 

Before leavmg the subject of alummum it might be well to call 
attention to the compound sodium alummum sulfate (alum), which 
IS used m makmg certam brands of baking powder This compound 
(NaAl(S04)z I2H2O) hydrolyzes m water to form an acid which 
reacts with the sodium bicarbonate present to liberate carbon 
dioxide The so called combmation bakmg powders usually con 
jam this compound and mono calaum phosphate as the acid 
formmg mgredients which react with the bakmg soda to hberate 
carbon o'loxide All baking powders are a mixture of sodium 
bicarbonate (bakmg soda) and a solid a<nd or awd salt (Ca (H2P04)2, 
NaHsPOi, KHC4H40fl) 

Iron Upon oxidation m moist air, iron forms scales of rust 
(2 Fe203 3 H2O), which peel off and expose a new surface for 
further corrosion The amount of iron lost yearly m this way is 
enormous, the estimation bemg over 15 per cent of that produced 
To protect iron from rust and corrosion it is covered with some 
resistant substance as pamt, or enamel (glass glaze), the latter 
substance is widely used m making cookmg utensils Iron and 
enamel may be deaned with abrasives containing alkahes 
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Most of the iron used today is an alloy of iron called steel, which 
contains varying amounts of carbon up to 0 2 per cent and traces 
of other elements, the amount used dependmg upon the mtended 
use of the steel Of the many steel alloys the most mterestmg are 
those first mtroduced as stainless kitchen utensils, but which are 
now used m the manufacture of stoves, plumbing fixtures, refirig 
erators and even m the surfacing of buildings (Empire State, New 
York City) for protection against corrosion Such steels contam 
chromium and a small amount of nickel or cobalt 

Iron also may be protected from rust or corrosion by coatmg it 
with more resistant metals, the most important of wluch are tm, 
mckel, chromium, zmc, silver, and gold 
Tin This is extensively used to cover iron and make the familiar 
tin cans m which foods are preserved Some tinware is still used 
to make kitchen utensils The metal is very resistant to the forma 
tion of tamiah, and to the action of food acids or weak alkahes 
Tuaware can be cleaned and polished with soft abrasives cxmtaimng 
weak alkalies (washing soda) 

Nickel Tlus is often used to plate steel articles because of its 
hardness and abUity to take a high polish which slowly diminishes 
m moist air It is for this latter reason that chromium is largely 
replacmg mckel platmg Both of these metals may be cleaned and 
polished by the same abrasives used on tm 
Silver This is a soft metal capable of a high polish Its tarnish 
usually IS due to the formation of black silver sulfide which may 
be removed by a soft abrasive containing ammoma water The 
tarnish may be removed more easily by placing the silverware m 
contact with aluminum in a vessel contammg a warm solution of 
washmg soda and salt Smce aluminum vessels become stamed it 
is better to use an enamel pan containing a piece of aluminum 
Zinc Coatmg iron with zinc protects the iron from corrosion 
because the fhm layer of zinc oxide or carbonate formed on ex 
posure to air sticks and prevents any further action Iron coated 
with zmc 13 called galvanized iron, a very familiar product m 
buckets, garbage cans, wire, and similar articles Cfeanmg is 
accomplished by the use of ordinary abrasives and soap 

Gold This metal is not acted upon by air, moisture, or the 
common acids However, in alloymg it with copper to mcrease its 
hardness, the gold in common use tends to become tarnished A 
very soft abrasive, preferably one rontaining ammomum hydroxide, 
cleans and polishes gold articles 
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In medicine a colloid prepared from gold chloride is used to aid in 
diagnostic tests on cerebrospinal fluid Normal fluid in senal 
dilution does not alter the shade of the beautiful salmon color of 
colloidal gold when it is mixed with it Spinal fluid from patients 
with meningitis, pohomyehtis and various stages of syphilis, etc 
gives definite color changes ranging from the original salmon to 
purples and colorless in dilutions of a senes of spmal fluid concen 
trations — a gold curve 

SELF-TESTING QUESTIONS 

45 What 13 a metal’ 

46 Wbat IS noteworthy concermnir the position of hydrogen in the replace 

ment senes’ 

47 What does the usefulness of the common metals depend upon? 

48 What 13 the nature of tarnish’ 

49 How in general may tarnish and grease be removed from metab’ 

50 Wbat precautions must be used m cleaning aluminum? 

61 Wbat IS the composition and what are the uses of stainless steeb’ 

62 Why u chromium plating replaang mckel plating’ 

63 How may silverware be easily cleaned? 

64 What IS galvanized iron’ 

VI ALLOYS OF METALS 

Nature of Alloys* 

In usmg the term metal, we usually think of pure metallic ele 
ments, as copper and alummum A study, however, of the famd 
larly used metals shows the very surprising fact that the great 
majority of them are composed of two or more pure metals melted 
together mto what is called an alloy The art of making alloys is 
very old, and was practiced during an early penod of human 
progress (Bronze Age) The vanations m their composition and 
resultmg properties mdicate that allo^ are not always mixtures or 
true solutions of elements^ but may consist of solutions of defimtely 
formed compounds, or all of these together 

Properties of Alloys* 

The properties of allojns are quite different from those of the 
onginal metal constituents As a general rule, alloys, as compared 
to their constituents, have low melting pomts, such as the fusible 
alloys for automatic sprinklers, they have different colors as green 
and white gold, less electneal conductivity as the resistance wires 
m electneal toasters, greater resistance to corrosion as stainless 
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SOME COMMON ALLOYS 


Name 

Compoeition 

Fropertiet 

(Dittincbue) 

f/iei 

Brass 

Cu60 80 Zn20-40 i 

Resiate corrosion 



Cu70 9S SnllS 

Hard noncorroding 

Omoinents statues 

Monel Metal 

Gu2? Ki63 Mn& 
FeS 1 

Reaista corrosion 

Acid resiatmg con 
tainera 

Alimunum Bronze 

A12 10Cu9O-98 1 

Hard gold or silver 
color , 

Omameots inuta 
bon gold 

Durabum 

A1 95 Cu a Mn 1 
Mg 0 6 

Light noaeorrosiVB 

Aircraft parta 

Magnsiium 

Also 94 MgZlO 

Light Doncorroaiva 

Cashnsa aircraft 

Gold Com 1 

Au90 CalO 

VeUaw color perma 

Coins jawelry 

Green Gold I 

An fill Ag35 Cub 


Jewelry 

Gray Gold 1 

Au20 Pd SO 


Jewelry 

White Gold 

AulS Fd8S 


Jewel^ 

Silver Coin I 

Ak 90 CulQ 

Beauty permanence 

Coin jewelry 

Sterling Silver 

Ag926 Cu76 

Beauty permanence 

Jewelty 

Durvos 

Pe 85-89 SiW J8 

Ilesials corroaion 

Add Containers 

Staioleea Steel 

Fe 74 Or 18 Ni or 
CoS 

Noncermaive 

Kitchen utensils 

Nickel Coin 

Ni25 Cu75 

Beauty noncorroaiva 

Corns 

Solder 

an7S Pb25 

MelU at low temper 

1 ature and sticks 

Soldering 

Wood 8 Metal 

Bi50 Pb25 Snl2 6 
Cd 12 6 

Low mel tug point 

Safety fuses 

Pewter 

.SnSS SblS 

Soft 

TabUwara utenaila 


steel, and they are harder, as is the chromium mckel steel used m 
making armor plate 

There are many thousands of alloys, of which the most important 
IS steel The previous table lists some common alloys, their com 
position, properties, and uses 

SEIF-TESTING QUESTIONS 

55 Wbat IS an alloy? 

56 Wbat may determine the piopejitee of alloya? 

57 Wbat are five general properties of alloys? 

58 Wbat IS the most important alloy? 

SUGGESTED ACTIVITIES 

I Thought Provoking Queotions 

1 Wbat properties of ammotua make it suitable for use m the prepa 

ration of manufactured jce’ 

2 State briefly the physical and chemical ways in which the halogens 

resemble each other 

3 Explain bovr Dakm'a aohjitm a used, and wbat cbenneal action 

takes place in using the solution 

4 What substances already studied are used as bleaching agents’ 

What chemical properties do they possess in common? 
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5 Name five elements that exist m allotropic forma 

6 Explain how chlorine is used m the disinfection of water supplies 

7 Explain how the burning of sulfur serves to disinfect a room 

8 Name a medicinal use ofa specific ammomum salt, mtrate, chloride, 

bromide, iodide, sulfate, phiMphate, and carbonate 

9 What are the properties of chlonne that made it suitable for gas 

warfare? 

10 What imght be the hazard of congested motor traffic m a tunnel*^ 

11 The coat of solid carbon dioxide is approximately 25 times the cost 

of ordinary ice How do you account for its use’ 

12 CO2 IS a respiratory stimulant, however, too much CO3 rebreathing 

has what disadvantage’ What does the rebreathmg of COa 
interfere with? 

13 How may carbon monoxide find its way into the home’ 

14 Why not prepare nitrogen by burmng a candle in the air’ 

15 Give the name and formula for a compound of mtrogen m which 

mtrogen has a valence of 3, of 6 

16 Explain why dry ammonia does not affect htmus paper 

17 Why may ammonium salts be used as smellmg salts? 

18 What vanety of phosphorus la used m the manufacture of safety 

matches’ (n the manufacture of rat poison? 

19 Name an element actmg as a metal m a defimte compound, and 

as a nonmetal in another compound 

20 Zinc is higher than iron in the replacement senes Why is it used 

for coatmg iron’ 

21 Wnte the reactions between alum and baking soda 

n VOCABUtART TeSTIKO OP NeW TeRMS 
mtnfymg bactena halogen 
mtrogen cycle allotropic 

amphoteric amorphous 

metal destructive distillation 

nonmetal carbide 

III Topics for Oral or Written Reports 

1 Composition of Inspired and Expired Air 

2 Invention and Development of Matches 

3 The Fixation of Nitrogen 

4 Medicinal Applications of the Halogens 

5 The Status of Water Fluondation in My Commumty 

6 Dangers of Carbon Monoxide Poisoning 


choke damp 

photosynthesis 

alloys 

mtnde 

fluondation 


To The Instructor The laboratory time may well be used this week 
for either oral or wntten work, making a general survey of the fundamentals 
of the inorganic chemistry taught 


LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found 
on pages 693, 695, 696, 698, 700 




CHAPTER XI 


X RAYS, RADIOACTIVITY, 
AND NUCLEAR CHEMISTRY 


CHAPTER OUTLINE 


I X RATS 

(a) Discovery and nature ot x ray* 

(b) Use of I rays 

n Radium and Radioactivitt 

(a) Discovery and properties of 

radium 

(b) Nature of radioactivity 

(c) Uses of radium 

III Nuclsak Reactions 

(a) Nature of nuclear reactions 


IV ARTIFICIAT. RAOIOACnVITT 

(a) Production of radioisotopes 

(b) Radioisotopes m medicine and 

nutntioQ 

V Nuclear Enerqt 

(a) Source and magnitude of 

nuclear energy 

(b) Spbtting the uramum nucleus 

(c) Plutonium 

(d) Hydrogen bomb 
(*) Physiological effects 


I. X RAYS 

Discovery and Nature of X rays: 

Roentgen in the year 1835 observed that the passage of an 
electrical discharge through a highly evacuated Crookes’ tube pro- 
duced an unusual type of radiation. This type of radiation, now 
known as the x ray, is generated when rapidly moving electrons 
strike a massive target. The essentials of an x-ray tube are shown 


Rg 1 — X ray Tube A stream of 
electrons bombards a dense me- 
dium to provide * rays. Why is 
the tube highly evacuated? 

in Fig. 1- When such an evacuated tube is operated under a high 
voltage, electrons stream across the tube from the concave cathode 
and bombard the anticathode or target. The impact of the elec- 
trons (cathode ray) on atoms of the target gives rise to the x 
radiation. Such rays are in many respects similar to ordinary light 
223 
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rays. The fundamental point of difference is in the fact that x rays 
have much shorter wave lengths 

Use of X rays: 

X rays are in themselves invisible, yet they cause many sub« 
stances to fluoresce or to glow and become luminous By reason 



Fig 2— X roy Therapy Treatment View of a 1.000,000 volt x roy unit being 
positioned for treatment Whot factors determine the length of time for o 
treatment? Courtety, Gene/vl Sleetnt Compemy 


of their very short wave lengths, x rays are able to pass through 
many substances, for example flesh, wHch are opaque to ordmary 
light More dense objects such as bones and metals largely stop 
the radiation and in this way produce shadows This males jt 
possible to prepare x«ray photographs {roentgenograms) which are 
of considerable aid to the physician. A bone fracture can be studied, 
or a piece of metal, such as a bullet, can be located in the flesh. 
Barium sulfate is opaque to x rays and when a water suspension 
of this salt is admi^tered by mouth or rectum it coats the inner 
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surfaces of the stomadi and intestinal tract, this makes it possible 
to secure x ray photographs of tiiese organs 

More recently x ray tubes have been developed to operate under 
very high potentials, frequently greater than 1,000,000 volts 
X rays generated m such tubes are referred to as “hard” rays, and 
are highly penetrative In fact they resemble the gamma radia- 
tion which IS emitted by radium and other radioactive elements 
dunng their process of decay Short wave length x rays are m 
many instances replacmg the gamma rays for the treatment of 
skm disorders, cancer, and other types of pathological tissue 

11. RADIUM AND RADIOACTIVITY 
Discovery and Properties of Radium* 

Within a year after the discovery of x rays the scientist Henn 
Becquerel found by acadent that compounds of uramum undergo 
a spontaneous disintegration m the course of which radiations are 
emitted In one of bis experiments Becquerel placed a piece of a 
compound of uranium on a photographic plate which was wrapped 
light tight m black paper When the plate was developed, it was 
evident that the uranium compound was giving off a type of radia 
tion which, like the x ray, affected the photographic plate Thus 
the specimen of uramum compound had taken its own picture 

At Becquerel’s suggestion the French physicists Pierre and 
Mane Cune undertook the task of investigating further the source 
of this radiation After months of mtensive research they were 
able to announce the discovery of two new elements, namely 
polomum and radium Radium was discovered m 1898 m the form 
of a compoimd, it was not until 1910, however, that Madame 
Cune* succeeded m isolating the metalhc element itself Radium 
was so named because of its radiations (giver of rays) and polomum 
was named after Poland Madame Cune’s native country Radium 
occurs m mmute quantities m all uramum ores (camotite, pitch 
blende) hence tons of raw material must be worked over and 
earned through long processes of concentration by successive frac 
tional crystalhzations, to isolate a few grams of a radium compound 
At the present time ores from the Belgian Congo and from the 
Great Bear Lake region m Canada are the mam sources of radium 

• Madame Cune died at the age of 67 of aplastic petmaoua anemia brought on by a 
long accumulation of radiations Pierre Cune was killed la a Pans street accident in 
1906 
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The amount of this element which has been produced to date m 
the form of its salts such as the insoluble sulfate, is estimated as 
nearly 1,000 grams, priced at about $25,000 per gram 

Investigators found radium to have strange properties It gave 
off energy contmuously in the form of radiations and heat, affected 
the photographic plate, glowed m the dark, lomzed the air around 
it, caused zinc sulfide and many mmerals to exhibit fluorescence 
and most noteworthy of all, killed bacteria and burned animal 
tissue placed near by This property of natural, spontaneous dis 
integration, exhibited by radium and a number of other elements, 
18 termed natural radioactivity Neither chemical combination 
nor physical treatment affects the radioactivity of such elements 

Nature of Radioactivity 

A thorough study by Rutherfo^ and others has shown that 
radium and other naturally radioactive elements emit three types 
of rays namely the alpha beta, and gamma radiations The alpha 


RAYS FROM RAOIOAaiVB ELEMENTS 




BeUitue 

penetration 

Velocity 

Alpha («) , 

positive charge 

Wntmg paper or, 
6 cm of air | 

1 , 

lODOO-^ODOO nulea per 
secood 

Beta {0) ' 

I'{egativc charge | 

1 mm of lead or 
equivalent 

100 

About 100 000 miles per 
second 

Gamma (t) 

No charge 

13 cm of lead 

10000 

166 000 miles per eecond 
(speed of Lght) 


radiation consists of a stream of particles which are hehum nuclei 
The nucleus of the hehum atom is made up of two protons and two 
neutrons hence such partic/es carry positive charges and conse 
quently are deflected when passed between oppositely charged 
plates or the poles of a magnet The beta radiation is made up 
of particles which prove to be electrons identical with the electrons 
of the cathode ray m the x ray tube Such particles are of negative 
charge and ther^ore when the beta radiation passes between the 
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poles of a magnet it is deflected in a direction opposite to that of 
the alpha radiation 

The gamma rays are similar to hght rays, but have a much 
shorter wave length Gamma rays resemble hard x rays This 
radiation is not deflected m a magnetic field which is proof that 
It carries no charge Gamma rays have a high power of penetration 
Light, radio communication rays, x rays, and gamma rays are all 
electromagnetic disturbances of different wave lengths 


Rg 3 — Radium Rayi Th« gammo rays have Ihe 
greotest ipeed The alpha ond bela rays are bent 
In opposite d rections in the presence of a magnet 
Whot dees th s prove about gamma roysf Courtesy 
Oynomic Chemistry Rond MeNofty 

The reader must not conclude that the radioactive elements 
dismtegrate completely into the radiations just descnbed When 
the nuclei of radioactive atoms lose alpha and beta particles, new 
elements result The immediate successor of radium is an element 
named radon or radium emanation Radon is a member of Group 
O of the periodic classification and, like helium and other members 
of this group, radon is a chemicfilly inert gas Nevertheless, this 
element is m itself highly radioactive and emits penetrating gamma 
rays 

Durmg radioactive disintegrations, enormous quantities of heat 
are liberated In the case of radium, one gram gives off 137 calories 
per hour This heat is generated by collisions of alpha and beta 
particles with surroimding molecules 

Rutherford and Soddy have advanced the theory that radium 
is one member of a senes of radioactive elements which begins 
with uramum I and terminates m an inactive isotope of lead In 
addition to this senes there are two others One of these, the 
actimum senes, is likely a branch of the uranium I senes The 
third senes begms with thonum and, hke the others, ends with an 
isotope of lead The uramum senes is presented m the table which 
follows 
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THE URANIUM DISINTEGRATION SERIES 


Element 

Atomic 

Weight 

Alomtc 

Number 

Radiation 

Emitted 

Half life 
Period 

Uranium I 

238 ' 

92 


4 67 X 10» yra 

Uranium X i 

234 

90 

(J 

24 5 days 

Uranium Xa 

234 

91 

(J 

1 14 minutea 

Uranium II 

234 

92 1 


2 X 10* yra 

Ionium 

230 1 

90 1 

g, 

7 6 1 10« yra 

Uadium 

226 1 

88 1 

g; 

1590 yrs 

Hadon 

222 

86 

a 

3 85 days 

Itadtum A 

218 

84 

a 

3 05 mmutca 

Radium B 

214 

82 

s 

26 8 minutes 

Radium C 

214 

83 


19 7 minutes 

99 97%/\ 0 03% 





Radium C 

214 

84 

a 

1 X 10 * sec 

I Radium C I 

210 

81 

1 e 

, 1 32 minutes 

i / 





Radium D (radiolead] 

210 

82 

s 

22 years 

Radium E 

210 

83 

a 

6 0 days 

Radium F (polonium) 

210 

84 

e 

140 days 

Radium G (lead) 

206 

82 


stable 


Loss of sn alpha particle (ntideus of a behua etom) decreases 
the atomic weight by four umts and lowers the atomic number 
by two umts Loss of a beta particle (electron) has no appreciable 
effect on the atomic weight, but increases the atomic number by 
one The gamma radiation which accompaiues loss of alpha and 
beta particles causes no change in either atomic weight or aiottnc 
number A number of the elements listed m the senes are m reality 
isotopes For example, radium B radium D, and lead all have the 
same atomic number of 62, and hence are isotopes of lead It is 
to be recalled that all isotopic forms of a given element have the 
same atomic number, but differ in atomic weight Because of the 
existence of isotopes we now define an element as a pure substance, 
all of whose atoms have the same otamtc number 

Uses of Radium 

Shortly after the discovery of radium those experimentmg with 
its compounds, such as the bromide and sulfate began to develop 
cutaneous sores which proved to be extremely difficult to heal 
Investigation showed that the radioactive rays would also destroy 
bacteria and other similar organisms much more rapidly than they 
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would injure healthy tissue. This property of radium makes it 
xiseful in the treatment of disease, notably ringworm, cancer, and 
other growths. Radium has proven effective in the treatment of 
many skin diseases, chronic infections, and to some extent in 
reducing scars. 

Research indicates that malignant cells in their very rapid growth 
are particularly sensitive to the rays, and, as a consequence, radium 
may be used to inhibit or destroy the growth of those pathogenic 
cells, which are cancer cells and grow and multiply rapidly. Of the 
many varieties of cancer the rapidly growing type can be most 
successfully treated with x rays and gamma rays. In some cases 
the greatest benefit may come from combined surgery and ray 
treatment. To a certain extent, healthy tissue may be injured, 
particularly if the exposure to radiations is too frequent or pro- 
longed. For this reason, in radium therapy an attempt is usually 
made to protect healthy tissue from the destructive action of the 
radiations by the use of shields which are impervious to the rays. 
Lead metal may be employed for this purpose. The objective in 
the use of radium is to produce the greatest amoimt of destructive 
action on pathogenic cells with the least possible injury to the 
normal cells of the body. Radium is kept in steel bombs which 
are lined with lead to prevent the escape of the penetrating, 
destructive radiations. It has been observed that the absorption 
of radium compounds in the body is dangerous, since these com- 
pounds tend to accumulate in the bones and disintegrate them. 

In addition to its therapeutic uses, minute quantities of radium, 
mixed with fluorescent substances (zinc sulflde), have an applica- 
tion in making luminous enamels and varnishes for watch and 
clock hands, instrument dials, and other small objects which it is 
desirable to have luminous in the dark. Mesothorium, a disinte- 
gration product from the radioactive element thorium, is to some 
extent replacing the use of radium for sudi luminous preparations. 

In some hospitals the radioactive gas radon (radium emanation), 
which is formed by the disintegration of radium, is used in place 
of the more expensive radium. The radon is sealed in short needle- 
like tubes of glass or gold, called “seeds,” which can be inserted 
directly into malignant growths. The lower cost, intensity of radia- 
tion, and the ease with which radon tubes may be imbedded in a 
malignant growth or appb'ed to a liznited area make this radio- 
active gas very suitable for therapeutic purposes. However, radon 
is rather short-lived and loses one-half of its activity in 3.85 days. 
In contrast, radium has a half-life period of 1590 years. 




F g 4 An X roy un » be ng poj t oned fo x rpy fteropy Observe the pa nstaWng 

care be ng exercsed for proper post on ng Cou fesy Generof Efectr c Compony 
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4 Select several sets of isotopes from the uranium I disintegration senes, 

other than the case already given as an illustration 

5 What radiation from radium is effective m its therapeutic applications’ 

6 What precautions are necessary tn the use of radium’ 

7 Tell how radon is obtained and in what way it may be used 

8 Just why IS it possible in many cases to substitute x ray treatment for 

radium treatment’ 

9 Define or explain the following isotope, radium emanation, half hfe 

period 


III. NUCLEAR REACTIONS 
Nafure of Nuclear Reactions: 

The nuclei of atoms are made up of protons, neutrons, alpha 
particles, and possibly other structural units It would seem possi* 
ble therefore, that bombardment with fast moving particles could 


IMPORTANT PARTICLES IN NUCLEAR STRUCTURES 


Partule 

Approximate Mass 

Charge 

Symbols 

Proton 

1 

+1 1 

+» P. tpi. iH* 

Electron 

0 00055 

-1 

«, /9, _ie* 

Positron 

0 00055 

+1 1 

P*. +l€* 

Neutron 

1 

0 

n, on> 

Alpha particle 

4 

1 

+2 

! 

a, sHe* 


dislodge such structural units from the nucleus Scientists have 
been successful in doing this By employing machines such as the 
electrostatic generator and the cyclotron, charged particles like 
the proton, alpha particle, and deuteron (nucleus of deuterium) 
can be accelerated to very high velocities. Such powerful missiles 
have been used to disintegrate practically every element. The 
particfe which strikes the nucleus becomes at least momentanfy 
a part of it; a nuclear reaction may then occur with the formation 
of new nuclei. Such nuclear reactions might be described as trans- 
mutations, a dream of alchemists in the very early history of 
chemistry. 

One of the first reactions of this type to be studied wets the 
bombardment of mtrogen with alpha particles This nuclear reac- 
tion is illustrated with an equation not unlike a chemical equation 


7 W* + + 8017 
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The Buperscnpt above and to the ngbt of each symbol shows the 
atomic weight The atomic ntimber is given by the subscnpt 
below and to the left of the 83rmbol Thus, when an alpha partide 
(nucleus of the hebum atom) strikes the nucleus of a nitrogen 
atom a reaction occurs which results m an oxygen atom of mass 17, 
and a hydrogen nucleus (proton) The alpha particles (sHe^) for 
this reaction are shot out of the nuclei of certain radioactive atoms 
m the course of their natural dismtegration The number of 
nuclear hits in this type of bombardment, compared to the number 
of misses, is very small, only about 1 alpha particle m 10,000 
strikes a nitrogen nucleus 

Another very effective bombardmg particle is the neutron Since 
this particle camea no net charge it is not repelled by a positive 
nucleus or by the planetary electrons around a nucleus A great 
many nuclear reactions have been earned out with the neutron as 
the bullet for penetrating the target Neutrons for such processes 
are produced m certain nuclear transformations as typified by the 
following 

In this transmutation, alpha particles have been employed to con- 
vert berylhum of mass 9 into carbon of mass 12 The neutrons 
(on^) released in the process become m themselves excellent pro- 
jectiles for subsequent nuclear changes One such transformation 
occurs when nitrogen is bombarded 

IV. ARTIFICIAl RADIOACTIVITY 
Production of Radioisotopes: 

In 1934 Irene Cune Johot, daughter of Madame Cune, and M 
Johot observed that some of the hghter elements such as boron, 
magnesium, and aluminum became radioactive after bombardment 
with alpha particles When the bombardment ceases the product 
13 found to have a short lived activity, which is characterized as 
.erJafinvaJ Ji” jsJj' .ip av jKhan alumi 

num IS bombarded with alpha particles a radioactive isotope of 
phosphorus with a mass of 30 nraults This isotope decays rapidly, 
having a half bfe penod of 2 6 minute The formation and decay 
of radioactive phosphorus are expressed in the following equahons 
isAI” + i6P”+ on* 

(heir ni*-2^ irfnj 

jjPSO 


hSI^O - t- +!€« 
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An interesting case is the transmutation of magnesium into a 
radioactive isotope of sodium. The sodium has a half-life period 
of approximateJy 15 hours, and by loss of a beta particle, reverts 
to the original magnesium. Hiis is summarized in the following 
nuclear equations* 

laMg®^ + oft* — ^ uNa^* + iH* 


nNa24 


(half rit«=>lS hn.} 


laMg** + -ie° 


Over 800 artificially radioactive isotopes have been prepared 
from stable isotopes by nudear reactions similar to the ones 
illustrated. 


Radioisotopes in Medicine ond Nutrition: 

Chemically and biologically, radioisotopes behave like their stable 
isotopes, but differ in that they can be detected, even in minute 



Rfl 5 — Geiger counter wed by man ot left to keep a check on radioactivity 
white o small amount of radioiodmo is being withdrawn for placement in small 
flask ot right. Why Is flask walled off by the lead bricks? Courtesy of University 
of Chicago. 
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qxiantities, with the electroscope (Geiger counter), an instrument 
which IS sensitive to radioactivity This provides a method for 
tracmg and studying chemical reactions taking place m the body 
Thus, if a trace of radioactive calaam is added to the food it 
comes possible to determme where the calaum is deposited m the 
body Many mteresting and valuable facts concerning the complex 
chemical reactions of life process have been brought to light 
a radioachve isotope of phosphorus, prepared by nuclear 
bombardment, and havmg a half life penod of about 14 days, is 
used in chrome leukemia (lymphatic, myeloid) studies m which 
condition the white cells become too numerous The circulation of 
the blood can be studied by the intravenous injection of radio 
sodium in the form of sodium chloride, m surgery the rate of circu 
lation may be the deading factor in cases where amputation seems 
necessary It is now known from investigations with radioactive 
iron that the human system in normal health retains its iron, 
absorbmg and excretmg little, but m an anemic condition iron is 
absorbed rapidly Use of a radioactive isotope of lodme (lodme 
131) as a "tagged atom" makes possible a study of the function ot 
lodme in diseased thyroid glands Radiocarbon (C^*) will un 
doubtedly prove to be a useful tool in biochemistry for learning 
more about the fate of carbohydrates fats, and proteins in digestion 
and metabolism 

Cobalt 60 ^ an active source of powerful gamma rays, and it is 
used today m much the same way as radium and radon Compared 
to radium, cobalt 60 is cheaper and easier to manipulate, and its 
gamma radiation is more homogeneous 

In overactivity of the thyroid gland. Graves’ disease for example, 
the highly selective power of the thyroid gland for iodine (I”'), 
with the ensuing disintegration of the iodine isotope into beta and 
gamma rays to destroy overactive tissues, has benefited patients 
Use of radioiodme to determme thyroid function can serve as 
an mdication of a patient’s metabolic state Ail of this is a tribute 
to atomic medians 

Such radioisotopes as P®*, and Ca'^, all of which have 
half life penods greater than 12 days, have been made available to 
research organizations, hospitals, dmics, and medical colleges for 
therapeutic and tracer applications In the field of medicme and 
nutntion it is likely that such isotopes will find their greatest use 
not as therapeutic agente but rather as tools for tracmg disease 
and studying biochemical reactions Thus the discovery and 
availability of radioactive isotopes have thrown open an entirely 
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new field of investigation with special significance m biochemistry 
Some radioisotopes which have use m medicine and m bio- 
chemical research are listed here 


Nome 

Ha!/ life 

Calcium 45 

180 days 

Carbon 14 

5740 years 

Cobalt-60 

5 2 years 

lodme 131 

8 days 

Phosphorus 32 

14 7 days 

Sodium 24 

15 hours 



Fig 6 — ^The alom e bomb hit on Nogatoki heralds a new age of power from the 
atom (Acme Photo ) 
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V. NUCLEAR ENERGY 

The large scale release of nudear energy was revealed m the use 
of atomic bomba m 1945 This came as the culmination of several 
decades of research, greatly intensified m the last few years by 
the pressure of war The terrible destruction wrought m the cities 
of Hiroshima and Nagasaki is ample proof of the enormous quan- 
tity of energy set free m atomic dismtegration 

Source and Magnitude of Nuclear Energy 

The energy of ordmary chermcal reactions is associated with tlie 
whirlmg, planetary electrons which occupy space beyond and 
around the compact, highly dense nudeua of the atom In the 
processes of combustion of coal and explosion of gimpowder the 
energy released is restricted to forces outside the nudei, the nuclei 
themselves remain intact The far greater energy stored in the 
nucleus la released only when bombarding particles invade ifc, and 
break down the enormous forces binding together protons and 
neutrons The magnitude of this nuclear energy can better be 
appreciated when it is realized that one pound of uranium 235, an 
isotope of the element uranium, upon nuclear dismtegration (fission) 
will liberate energy equivalent to that released by burning 1500 
tons of coal Stated in another way, one gram of this same isotope 
will release energy equivalent to 20 bilhon calories of heat In 
the generation of such nuclear energy about one thousandth part 
of the ongmal mass disappears to provide it Many years before 
nuclear energy was tapped, Einstein had shown that matter can 
be converted into energy under certain extreme conditions We 
are now led to the conclusion that matter is m reabty a form of 
energy 


ISOTOPES OP URANIUM 

(Nuclear structures n = neutron, p = proton) 





\i46iy 

[l43nj 

1 142n y 

U’3S 

XJ339 


at wt = 238 

at wt » 235 

at wt = 234 

at. no = 92 

at no *= 92 

at no = 92 

99 2% 

0 7% 

less than 0 01% 
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Spliffmg fhe Uranium Nuefeus: 

Uranium, atomic number 92, has been the basis in the develop' 
ment of nuclear energy. Natural uranium ores, regardless of source, 
contain the three isotopes of the element in fixed proportions. 
These isotopes are designated as U^, U^^s, and and are 
present to the extent of approximately 99.2 per cent, 0.7 per cent, 
and less than 0.01 per cent respectively. 

has been used directly as a source of nuclear energy. Another 
isotope U233, which constitutes over 99 per cent of all natural 
uranium, is used as the raw material for the synthesis of an element 
named plutonium. Like plutonium has proved to be a valu- 
able source of energy. 



Fig. 7 — How The Atom h Split. Modified dravdng oppeonng in American V/eekly, 
Issue of Sept. 3, 1945. 


The separation of from ita more stable isotope, is not 
possible through chemical reactions inasmuch as aU isotopes of a 
given element exhibit identical chemical behavior. It has been 
necessary therefore to resort to physical methods of separation; 
methods which in this instance are based on the slight difference in 
mass of the two isotopes. A discussion of these procedures is beyond 
the scope of thia book; suffice it to state that methods employing 
gaseous diffusion, the principle of the centrifuge, the use of the 
mass spectrograph (electromagnetic method), thermal diffusion, 
and others have been investigated and used with varying degrees 
of success. All are laborious and time consuming. Scientists who 
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developed the atomic bomb necessarily gave considerable attention 
to the problem of separating the rather rare from the more 
abundant 

When the nucleus of a U*®* atom is mvaded by a relatively slow 
moving neutron, fission of the nucleus occurs, with the formation 
of bghter atoms Also important is the release of nuclear energy 
and several neutrons Such neutrons become projectile for sphttmg 
additional nuclei The fission process m a sense provides its 
own ammumtion, and m this way a self sustamed or cham reaction 
may be set m motion If conditions are such that the number of 
effective neutron impacts on nuclei progressively mcreases, 
and the heat is not dissipated as rapidly as generated, the process 
will attain explosive proportions as it does in the atomic bomb 
There are a number of possibihtiea m the fission of nuclei, 
one of the more usual is pictumd as follows 



Plulomum V_V ^ 

Another approach m the release of nuclear energy has been the 
preparation of a new element, plutomum from Inasmuch as 
plutomum IS not an isotope of uramum, but a distmct element, it 
becomes possible to separate it by cberaical methods The proced 
ure for its synthesis is the bombardment of U*38 with neutrons to 
produce unstable, short hved U*®® This isotope of uramum, arti 
fiaal m character, upon loss of beta particles becomes the new 
man made element plutomum, atomic number 94 Plutomum is 
known as a trans uramc element and it has a very long half life 



invadmg neutron U”® U®*® Pu 

at no » 92 at no =* 92 at no » 94 


In equation form these changes eire represented as follows 

gjUS38 + on® ^ Bib”’ 
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Another element named neptunium, atomic number 93 and hence 
a trans uranic element, is produced as an intermediate m the con 
vereion of into plutonium TTua element is not represented m 
the preceding simplified picture 

The device used to produce plutomum from Xps®, and at the same 
time control the rate of the reaction, is called a “pile ” A pile is a 
combination of uramum and “moderator” such as carbon, it is 
constructed by placmg rods of uramum in blocks of graphite The 
graphite captures relatively few neutrons, but serves to slow them 
down from the veloaties they attain in nuclear fission to a pomt 
where they are more hkely to be captured by nuclei or produce 
fission of Materials may also be mcorporated m the pile to 
absorb neutrons harmlessly and prevent chain reactions from pro- 
gressmg too rapidly The heat whndi is generated must be removed 
to prevent excessive temperatures Piles, now commonly called 
nuclear reactors, are being constructed throughout the world to 
produce power New submarmes are driven by atomic power 
plants 

Hydrogen Bomb* 

As has been noted, the process of nuclear fission, popularly 
referred to as “spbttmg the atom,” releases tremendous quantities 
of energy In more recent years it has been discovered that certam 
very light weight nuclei can be made to fuse mto heavier nuclei 
with the conversion of mass into even greater concentrations of 
energy This has led to the development of a hydrogen bomb 
which derives its energy from the fiKion of hydrogen nuclei to 
produce hehum nuclei Considerable energy is needed to start the 
fusion, this energy may be provided by an mitial fission process 

Nuclear fusions are gomg on m the sun, and this becomes the 
source of much of the energy which we receive from the sun’s 
radiations 


Physiological Effects* 

The effects of atonuc bomb explosions on life have been studied 
at Hiroshima and Bikini, and m subsequent expenmental explo 
sions The destruction of life is not due solely to the concussion 
set up by the explosion itself Harmful radiations, such as neutrons 
and gamma rays, travel from the center of the explosion with speeds 
comparable to that of hght To the present tune the only effective 
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measures for protection against sudi rays are heavy walJs of steel, 
concrete, and similar massive materials, or considerable distance. 

The g amm a rays, in effect super x rays, are immediately destruc* 
tive to life. The danger from neutrons is due to a secondary effect, 
since these particle^ impart artifii^ radioactivity to many ele- 
ments The sodium which fa found throughout the body becomes 
radioactive under the impact of neutrons, and in such a state emits 
gamma radiations. The phosphorus which is an integral part of 
bones and certain tissues is another element made radioactive by 
bombardment with neutrons. Loss of white blood cells results, and 
the system has then little or no resistance to infectious disease In 
studies conducted at Bikini, where experimental animals were ex- 
posed in the vicinity of the explosion, it was observed that in some 
cases the physiological effects were delayed for as much as two 
weeks Thus the body after exposure to neutron radiation may 
become its o?m source of death. 
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The peacetime testing of atomic bombs and thermonuclear 
devices by exploding them in or above the atmosphere has been of 
grave concern to the governments and peoples of the world The 
radioactive dusts created by the explosions are earned for hundreds 
of miles by the prevailmg wmds Gradually the particles settle 
out of the atmosphere and over the surface of the e^h to create a 
health hazard Of particular concern has been the radioisotope 
called strontium 90, which has a half life of twenty seven years 
Formed as a radioactive dust it settles in time and contaminates 
food crops and pasture lands In the body, strontium 90 seeks out 
bone structure When the atmosphere is known to be contaminated 
with radioactive dehns it is a practice to periodically check the 
Sr 90 level m milk 

Without a doubt the release of nuclear energy is one of the 
greatest discovenes m recorded history, how it is used will no less 
certainly dete rmin e the fate of mankmd Science has placed m the 
hands of man imtold power If this la properly duected in peace tune 
pursuits, much is promised for the welfare of the human race 

SELF-TESTING QUESTIONS 

10 What are the projectiles which scientists have used for penetrating 

nuclei of atoms’’ What are sources of such particles'’ 

11 How may charged particles be given greater velocities*’ 

12 Name and describe the particles which are important in nuclear 

structures 

13 What IS the distinction to be made between natural and artificial 

radioactivity"’ 

14 Why IS the separation of the isotopes of uramum restricted to physical 

methods'’ 

Why can plutomum be separated from uramum isotopes by chemical 

methods'’ 

16 Why IS strontium 90 a potentially dangerous isotope'’ 

SUGGESTED ACTIVITIES 

1 Thought Pbovosing Quehiioms 

1 How does the energy of the ordinary chemical reaction compare 

with nuclear energy? What js the source of each’ 

2 Describe the production of radioisotopes and cite examples to show 

their importance in biochemistry 

3 Write an equation to illustrate the following nuclear transmutation 

boron mass 10 dismtegzated with an alpha particle yields an 

isotope of mtrogen mass 13 and a neutron 

4 Discuss the physiological effects of the radiations released in large 

scale nuclear dismtegrations 
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anhydride (an hi dnde) An oxide which on addition of water becomes 
(a) an and or (6] a base 

EXAMPLES (o) so* 4- HjO -* HjSO# 

(4) CaO + H,0 — Ca(OH)a 
anhydrous (an hi drua) Without water 

EXAMPLES Blue Vitriol or washing soda after losing 
water of hydration 

anoxia A condition in which the cells are not obtaining a sufficient supply 
of oxygen 

atom The smallest particle of an element taking part in a chemical change 
EXAMPLE The smaiteat particle of sodium that can 
combine with cUonne is an atom. 

base A substance contaimng the group OH, the water solution of which gives 
hydroxyl ions 

EXAMPLES NaOH, NHiOH, Ca(OH)», Mg(OH)j 
basic salt A compound formed when only part of the hydroxide radicals of a 
base are replaced by the acid radical of an and 

EXAMPLES Bi(OH)*NO«,Pb(OH)NO# 

binary acids (bi na re) Acids eontauuog hydrogen and one other element 
EXAMPLES HChMjS 

buffer salts Salts in the blood which counteract the action of acids or bases 
EXAMPLES NaHCOs, NtiHPOi.NaHaPOi 
col one (small) The unit of heat which is required to raise the temperature 
of one gram of water one degree centigrade 

catalytic agent (kat al it ik) A substance that changes the speed of a reaction 
without itself undergoing a permaiient change 
EXAMPLE Manganese dioxide in the preparation of oxygen 
chemical change One in which the composition of a substance Kaa changed 
It involves on alteration in physical and chemical properties 
colloid (kol Old) A substance the particles of which are intermediate in size 
between coarse suspensions and molecules 

EXAMPLE Gelatm (a colloid) baa particles or films smaller 
than clay (asuspenaion) and yet larger than the 
molecules of salt dissolved m water 
combustion A rapid chemical action producmg light and heat 
EXAMPLE Burning of wood 
compound A combiaation of two or xaore eleioeats 
EXAMPLE C +Ol -*• COl 

coialence (k5-va' Ibns) The chemical bindmg of atoms through sharmg of 
electrons 
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destructive distillation Process of decomposing complex orgamc compoundB 
by heat in the absence of air, and condensing the vapor of the bquid 
products 

EXAMPLE Heating soft coal 

dialysis (di al i sis) The separation of a crystalloid from a colloid by use of 
a membrane 

diffu'sion Process by which a substance m solution distributes itself mu 
formly throughout the solvent 

dishlla'tion The separation of a bquid &om a mixture by boiling and con 
densing the vapor 

EXAMPLE In the distillation of impure water, the pure 
water is separated from its impurities 
electrolysis (e-lek trol i sis) The decomposition of a substance in a solution 
by the electric current 

EXAMPLE The electrolysis of water to yield hydrogen 
and oxygen 

electrolyte (e-lek tro Lite) A substance the solution of which conducts the 
electnc current and is decomposed by it 

EXAMPLES Hydrochloric aad. sodium hydroxide, 
sodium chlonde 

electron (e'lek'tron) Particle of negative electricity 

el ement One of some one hundred simple substances which are the basis for 
chemical changes 

EXAMPLES Oxygen, hydrogen, sodium gold and 
iron are elements 

emul Sion A suspension of a finely divided liquid in another liquid 
equa'tion A symhohc representation of a cbenucal reaction 
fluorescence Property a body possesses of enuttmg hght while exposed to 
the action of certain rays 

for'mula An arrangement of symbols so as to represent the composition, 
number, and variety of atoms in a molecule A symbohc representation 
of a molecule 

gel 0^1) Semisohd condition of a precipitated or coagulated colloid 
halogen (hal o^jen) This term means salt former and refers to the elements 
P, Cl, Br, or I 

hemolysis (he-mol i sis) The result of water passing into a blood cell thereby 
causing it to swell and burst 

hydrate (hi drate) A crystallme substance contalnmg a definite amount of 
water m combination. 

EXAMPLE Plasterof Pans (CaSOils HsO 
hydrocar'bon A compound which contains hydrogen and carbon only 
EXAMPLE Ethylene. CsH4 
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hy'drogen ion or pH scale A means of ladicating accurately any degree of 
acidity or alkalmity. 

hydrolysis (hi drol » sia) Any chemical reaction of an element or a com- 
pound with water 

hydrophilic A liking for water, a type of colloid 

hyperfon'ic Pertaimng to a eoluhon of higher osmotic pressure than another 
kypoton'ic Pertaining to a solution of lower osmotic pressure than another 
hypoxia An inadequate supply of oxygen for metabolism 
(OR An electrically charged atom or radical in solution The loss or gam of 
one or more electrons by an atom or group of atoms (radical) produces 
an ion 

EXAUPLE Na*. Cl“, SOi", NHi* 

isoton’ie Pertaining to two solutions having the same osmotic pressure 
EXAMPLE Physiological aaline solution is isotome to the blood 
uotopes Atoms of an element which differ only m mass All isotopes of a 
given element have the same atomic number 

kindling temperature The lowest temperature at which a substance ignites 
EXAMPLE The kindling temperatu^of phosphorus is 37* C 
metal A base fonmng substance An element which loses electrons dunag 
chemical changes 

EXAMPLES Na. Ca, Mg 
mole A gram formula weight of a substance 

EXAMPLE One mole of SO) IS 64 grams 

molecule (mol'e>kule) The smaliest particle of a substance that can exist and 
stiU retain the properties of that substance 
EXAMPLES Os. HsO 

neutralization The combination of the hydrogen ions of an acid and the 
hydroxyl ions of a base to form undisaociated water 

EXAMPLE Na*OH" + H'*CI“ -*• Nb+C 1“ + HsO 
neutron A close union of proton and electron, which has no electncal charge 
nonmetal An acid forming substance An element which gams electrons 
during cbeaucal cliasges 

EXAMPLES Cl, S 

nonpolar compound. A compound inwbich the centers of positive and negative 
charge coincide 

normal salt The compound formed when all of the hydrogen of an acid is 
replaced by a metal 


EXAMPLE NasCOs 
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osmosis (o3 mo'sis) The passage of a bquid through a membrane 

oxida'lion The process by which a substance combines with oxygen, more 
generally oxidation involves a change from a lower to a higher positive 
valence 

EXAUPLES 2 Cu + O* -♦ 2 CuO 
(Cu“ - 2 < — Cu**) 

oxide (oks'ide) A compound consisting of oxygen and one other element 
EXAUTLE CaO, KaaO, HsO 

pep’tize To disperse an insoluble material into particles of colloidal size 
EXAMPLE Pepsm changes protein to peptones 

photosynthesis (fo to sm'the sis) A synthetic process by which plants manu 
facture carbohydrates 

plas/Tiolysis (plaz mol i sis) The result of the passing of water out of a cell, 
thereby causing the cell to shrink, also called crcnation 

polar compound Compounds in which the centers of positive and negative 
charge are separated 

pm'ton A fundamental particle of positive electricity 

rad'tcal A group of elements actmg as a unit 

EXAMPLE SO*,OH, N0» 

radioactive Pertaining to any substance that emits radiations through spon 
taneous transmutation 

EXAMPLE Radium 

reduc tion The process of taking oxygen from a compound more generally a 
change from a higher to a lower positive valence 
EXAMPLE CuO + Hj Cu + HaO 
(Cu** + 2 € — Cu*) 

salt A compound consisting of a positive ion other than hydrogen and a 
negative ion other than hydroxyl ^alta may be formed m several 
ways, see text) 

EXAMPLES HgaCia. NaCl, MgS04 

saturated solution One which contains all the solute that can normally be 
dissolved at that temperature 

semipermeable (per me a ble) Pertaining to a membrane which will allow 
certain substances but not others, to pass through it 

solute (so lute') The dissolved substance in any solution 

solution (so IG'shun) A molecular or lomc dispersion 
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sol vent Tba substance in whidi anything Is dissolred 
spectre gravity The ratio of ibe of one cubic centimeter of a sub 

stance to the weight of one ml of water 

EiTAUFLB Sp Gr of unoe is about 1 02 

specifie heat The number of calonea absorbed or given up when one gram of 
a substance changes its temperature 1* C 

exAUPLE Sp Ht of water is 1 

spontaneous comtustion Ignition without the external application of heat 
BXAUFLB Spontaneous combustion of coal dust. 
suspensoids The suspended particles 

EXAMPLE Particles in nver water 
sym&el An abbreviation for an element 

EXAMPLES H for hydrogen Cu for copper 
^nthesu (sm the sis) The union of elements to produce compounds 
EXAStPLE C + 0* COj 

ternary settf (ter lu re] Inorgatue acids contauung hydrogen and two other 
elements 

EXAMPLES HsSOa HNOi 

valence (valens) 1 The number indicating how many atoms of hydrogen 
can unite with one atom of another element 2 The number indicating 
how many electrons an element or radical has gamed lost or shared 
through chemical action 

EXAMPLE In HsSOt the H has a valence of 1 and 
the SOi a valence of 2 

X rave Radiations produced by electrons froio the cathode sinking a target 
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Replac ng diseased arteries with syrtihetic materials ts a ma|or triumph of surgery 
This one is made of ’ Teflon/* a fluorocarbon Courtesy, DuPont Magazine, Copy 
nght, I9£S, f I du Pont de Nemourt and Company 





INTRODUCTORY NOTES 


TO THE INSTRUCTOR 

In this division of chemistry, we are to study that large 
class of compounds which contains the element carbon 
tf will become an interesting and fascinating study for 
the student nurse when it is realized that life with all its mys- 
teries dwells permonenlly among corbon compounds Those 
facts, lows, end theories developed in the previous chop 
ters will govern the formation and behavior of most 
organic compounds Just as there are oxides, acids, bases, 
and salts in inorganic chemistry, so there are similar com- 
pounds in organic chemistry, but with the mom difference 
that the carbon compounds are weakly electrical in nature 
This IS largely due to the fact that the carbon atom never 
exists as an ton in solution, but rather shores its electrons 
With carbon atoms or otoms of other elements 

The discussion starts with the compounds of hydrogen 
and carbon, and then it branches to the study of subsh 
fuhon products or derivatives, which are considered as 
compounds formed by repfaemg one or more hydrogen 
atoms in the hydrocarbon molecule by radicals which have 
charocteristic properties Some of the most frequently 
substituted radicals which import new properties are the 
alcohol group (—OH), ond the aldehyde group (— CHO), 
the ketone group ( =CO), the aad group ( — COOH), and 
the ammo group {— NHs) 

Since organic cheimsfry is the chemistry of most articles 
of everyday life, such as food, clothing, medicines, dyes, 
perfumes, and flavors, this study in addition to its fascina- 
tion and interest will be the background for on intell gent 
interpretation of the chemical changes constantly occurring 
in the human body (Port III) 



OBJECTIVES 


I. FACTS AND PRINCIPLES 

(a) To leam that the properties of carbon make possible some 

500,000 carbon compounds 

(b) To know that organic compounds may be divided into dosses 

showing similarity in composition and properties 

(c) To leam that the principles governing the formation and behavior 

of inorganic compounds apply as well to organic compounds 

(d) To leam that the classification and properties of organic com 

pounds depend largely upon the presence of characteristic 
groupings in the molecule 

(e) To predict from the formula how on organic compound might 

behave, and to some extent the possibility of its use 

(f) To become acquainted with the uses of a vonety of important 

carbon compounds 


11. ATTITUDES 

(a) To develop on appreciation of the work of the chemist m pro* 

ducing many valuable substances from plants and animals 

(b) To realize that, in all problems of the future, chemistry with its 

background of allied sciences is the one science capable of 
solving many of life’s problems 

(c) To realize that to chemical reseordi we owe much for our health 

(d) To realize that an understanding of organic chemistry is fund^a 

mental to the appreciation of many practical human interests 
whether domestic or mdustnal 

(e) To realize that organic chemistry is worthy of study from the 

cultural os well as the scientific standpoint 
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SOME GENERAL FACTS. 
THE HYDROCARBONS 


CHAPTER OUTLINE 


I Introduction 

(a) The ongtn and latportance of 

organic chemistry 

(b) Differences between inorganic 

and orgamc compounds 

(c) Sources of organic compounds 
II Structural Theory of Organic 

Compounds 

(a) The carbon atom 

(b) Classes of organic compounds 
III The Hydrocarbons 

(a) Classification 

(b) The methane senes 

(c) The hydrocarbon radicals 

(d) Sources and properties of the 

paraffin hydrocarbons 

(e) The ethylene senes of hydro* 

carboos 


(f) Sources and properties of the 

ethylene senes of hydro- 
carbons 

(g) The acetylene senes of hydro- 

carbons 

(h) Three typical aliphatic hydro 

carbons 

(i) The cycloparaffms Cyclopro- 

pane 

(j) The aromatic hydrocarbons 

Benzene 

IV Halogen Derivatives 

(a) Some common halogen substi- 
tution products 

V Petroleum 

(a) Composition of petroleum 

(b) Refining of petroleum 


I. INTRODUCTION 

The Origin and Importance of Organic Chemistry; 

About the beginning of the nineteenth century chemists were 
becoming increasingly aware of a rather large number of com* 
poimds which were associated with plants and animals For a 
number of years the general conclusion prevailed that these com* 
pounds could be synthesized only through life processes. This led 
to the vital force theory. Inasmudi as this theoiy rested on the 
assumption that the living organs and tissues in plants and animals 
produced these substances, they came to be known as organic 
compounds, and the brandi of chemistry which dealt with them 
was termed organic chemistry. 

In 1828 a German chemist, Friedrich Wohler, succeeded in pre* 
paring urea by heating and evaporating a solution of ammonium 
cyanate 

NH40CN-^(NH2)2C0 

Ammeruum U/.a 

cyanate 
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Urea is a product of body metabolism, and therefore a typical 
organic compound, ammonium cyanate, however, was known as an 
morganic compound Wohler’a synUiesis of urea was an important 
achievement in the history of chenustry because it marked the 
first time that a scientist had knowhngly prepared an organic com 
pound from an inorgamc one Since the tune of Wohler's work 
chemists have synthesized in their laboratories many compounds 
which are also produced m nature in the course of life processes 
Hence the older concept of vital force as essential has been dis 
proved Since carbon is a necessary element in all organic com 
pounds, organic chemistry is today rather simply defined as the 
chemistry of the compounds of carbon 

Actually a few compounds of carbon, because of their properties 
and relationships, are included in inorganic chemistry These are 
for the most part the oxides of carbon and the carbonates A 
number of the latter are found m nature as minerals To repeat, 
then, m its broadest sense, organic chemistry is the branch of 
chemistry which deals with the compounds of carbon 

The importance of organic chemistry is shown m the daily use 
of many products which are in themselves of organic composition 
or have required the use of organic substances m the course 
of their manufacture Of particular importance is the development 
of new medicmal compounds and improvement m punty of those 
drugs which occur m nature The majority of dyes and perfumes 
and the fabrics used for clothmg and furnishmgs are of organic 
composition Fuels like gasoline, natural gas, and fuel oil are mix 
tures of organic compounds 

Equally as important, however, is that one must appreciate the 
fact that the major classes of foodstuffs, namely, fata, carbohy- 
drates, and proteins, are organic compounds 'This is true also ot 
the vitamins A primary reason for devoting some time to a study 
of the fundamentals of organic chemistry is to make it possible for 
the student to understand and better appreciate the chemical re 
actions which take place in the body The processes of digestion 
and metabolism are chemical dianges which involve the use and 
the production of compounds of carbon 

Differences between Inorganic and Organic Compounds: 

In addition to acquaintmg the student with the underlymg laws 
and theories of chemistry the preceding chapters m this textbook 
have dealt with a few of the more important elements and their 
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Rg, 1— A Boy Modo the Pint Aniline Dye. Williem H. Perkins in 1856, at the 
oge of 17, while worktng with cool tar in his laboratory under the eaves of hit 
English home, mode the first synthetic dye "mowe.'' He was ottempting to moke 
quinine, but instead by Occident mode a beautiful vioieNpurpie dye. What was 
the outcome of such o discovery? Courfesy, Forte, Davis £ Co., N. Y, C. 


inorganic compounds. Since we are now to give some attention to 
organic compounds it is appropriate at this point to note certain 
significant differences between the organic and inorganic types. 

Abundancy: A recent estimate places the number of inorganic 
compound's on record as c/ose U> one-Aa£f mitfion, and the number 
of organic compounds as nearing the two million mark. Later we 
shall learn that carbon atoms share electrons with one another to 
establish covalent type of linkages. This is a primary reason for 
the excess of organic compounds over the inorganic ones. 

SrABELmr; In general, organic compounds have lower melting 
points and boiling points than do inorganic compounds. Also, 
organic compounds are usually less stable to light and heat than 
are the inorganic. For this reason, more sensitive organic com- 
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pounds may be stored in colored glass containers, and kept under 
refrigeration 

Solubility Many inorganic compounds are soluble m water 
Very few ore appreciably soluble in oi^anic solvents such as ether, 
benzene, and carbon tetrachloride In contrast, numerous organic 
compounds are not soluble in water, but are readily soluble m 
organic solvents However, these statements about solubility have 
numerous exceptions, and are therefore to be regarded as broad 
generalizations 

Rate of Reaction Inorganic reactions tend to be very rapid, 
in many cases seemingly instantaneous, while organic reactions as 
a rule are slow This is due to the fact that many morganic com 
pounds are ionic structures while organic compounds are covalent 
Ionic reactions are rapid, m contrast, covalent molecules usually 
react rather slowly To illustrate, the addition of a solution of 
silver nitrate to one of sodium chloride gives an immediate precipi 
tation of silver chloride On the other hand the reaction of an 
alcohol with an organic acid takes place so slowly that often one 
must wait several hours before any considerable amount of product 
IS obtained 

Combustibility Many organic compounds are combustible, 
and the vapors of some, when mixed with air, give explosive mix 
tures Some organic compounds when heated will drst char, mdi 
eating the presence of carbon Very few inorgamc compounds are 
combustible 

Number of Elements In a study of inorganic compounds many 
chemcial elements are considered Id contrast, the organic com 
pounds are built up from relatively few elements Carbon and 
hydrogen alone account for thousands of compounds Thousands 
more are restricted to carbon, hydrogen, and oxygen, these 
include the alcohols, ethers, carboxylic aads carbohydrates, fats 
and others With possibly a few exceptions, carbon, hydrogen, 
oxygen, nitrogen the halogens, sulfur and phosphorus are the 
only elements that enter into the organic compounds to be studied 
riT this 

Complexity of Structure For the most part the organic 
compounds are much more complex in structure than are the 
morgamc ones There is usually a greater number of atoms m 
organic molecules, and often a given number of atoms can be 
arranged differently to give distmctly different compounds Thus 
CsHeO IS the molecular formula for a certam ether and also the 
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molecular formula for one of the alcohols This feature of organic 
chemistry, wherein two or more different compounds have the 
same molecular formula, is called isomerism. Notice that the 
molecular formula shows only the kind and number of atoms m 
the molecule, and not necessarily how they are arranged. 

Sources of Organic Compounds: 

From plants and animals we obtain many of our organic com- 
pounds such as starches, sugars, fats, proteins, alkaloids, and dyes 
Many of these compounds, either through natural processes or 
laboratory synthesis, may be converted into other valuable organic 
substances Illustrative is the fermentation of sugar to produce 
ethyl alcohol The alcohol so produced may m turn be used to 
prepare a vanety of useful compounds sudi as the anesthetics, 
ether and ethylene 

Other organic compounds are obtained from coal, wood, petro- 
leum oil, and bones by destructive distillation, a process of decom- 
posmg a substance by heatmg m the absence of air Coal tar, coal 
gas, and ammonia from coal, as well as acetic acid, wood alcohol, 
and acetone from wood, are formed through destructive distillation 

More recently, many organic compounds have been made by 
synthesis from inorganic substances For example, a synthetic 
rubber called neoprene is prepared indirectly from coke, lune, and 
other substances 

This bnef discussion should make it clear that nature and the 
scientist in his laboratory work in conjunction to provide man with 
a wide vanety of organic compounds 

SELF-TESTING QUESTIONS 

1 What 13 the ongin and the present meaning of the term “organic 

chemistry”’ 

2 What discovery led to the preparation of organic compounds'^ 

3 In what way does a knowledge of orgamc chemistry contribute to (a) 

industry, and (b) to biochemistry'’ 

4 Name and explain, giving examples, a number of ways in which organic 

and inorganic compounds differ 

5 What are the two general sources of organic compounds’’ 

6 What compounds used in the hospital may be obtained from sugar'’ 

7 What is destructive distillation’ What products may be obtained by 

this process’’ 

8 Why does carbon form so many more compounds than do other elements’’ 
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II. STRUCTURAL THEORY OF ORGANIC COMPOUNDS 
The Carbon Atom: 

Chains and rings of carbon atoms become the framework for 
organic molecules Carbon is invariably tetravalent, and this 
fundamental point must be kept m mmd at all tunes when writing 
structural formidas 

The structure of the carbon atom shows four valence electrons, 
that IS, four electrons m the outer shell When a carbon atom 


Oafbof) to) 



[6 I2 0»l 


F9 2 — Carbon with it» four volence elsctron*. 


shares its electrons with other carbon atoms, or with atoms of other 
elements, forces of covalence ere established 
The compound methane, CH4, has the foUowmg structure In 
the methane molecule the carbon atom is sharmg its four valence 
electrons with the hydrogen atoms, each of which m turn shares 
its one electron with the carbon In this way four covalent forces 
are estabhshed between the carbon and the hydrogens Outer 
electron shells thus become complete, the carbon atom havmg 
eight electrons around it, and each hydrogen two, but this is 
possible only by sharing valence electrons as common property 



Pg 3— Th« corbon olom sharei with each hy 
dfogefl a poTr of electrons one efecfron from 
the carbon and we from each hydrogen 
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Structures hke that for methane are simplified by the use of the 
short straight line to represent each pair of shared electrons This 
gives the structural formula Notice that the short Ime, or valence 
bond, as it IS called is merdy a more convement way of picturmg 
a pair of shared electrons 


H 

H C H 
H 


H 

I 

H— C- 


Fig A — S mpl fted structure! for methane On the left is the electronic structure 
On the right the I ne bond repEoces the pair of shared electrons 


Following are the electronic type formulas for ethyl alcohol and 
methyl ether Recall m exammmg these structures that the oxygen 


H H 

H C C O H 
H H 

Ethyl okehel 


H H 

H C O C H 
H H 

Mtlhyl ether 


atom has six valence electrons the carbon atom four, and the 
hydrogen atom one Notice too that m each structure each of the 
carbon atoms has a total of eight outer shell electrons the oxygen 
eight, and the hydrogens two However this attainment of stable 
numbers of electrons by the atoms mvolved is possible only by 
sharing Observe that in each of these structures the o^gen atom 
shares but two of its six onginal electrons but by sharing two has 
a covalence of two 

These structures are simplified to give the more conventional 
structural formulas 


H H 

I I 

H— C— C— O— H 

i J. 

Ethyl glcohol 


I 


H 


-C— 

I 1 

H H 

Methyl ether 


When one condenses these structural formulas to molecular 
formulas the result for each is C2H6O Therefore these two com 
poimds are isomers Isomers are tx>mpounds which have the same kind 
ard number of atoms in the molecule, but which differ in the arrange 



260 


Organic C/iem/sfry 


merit of these atoms in the structure of the molecule From this it 
should be apparent that in organic chennstry the molecular formula 
alone is usu^y not adequate because it does not show how the 
atoms are arranged and linked together 

Classes of Organic Compounds* 

As has been stated, there are many thousands of orgamc com- 
pounds, and the task of studying them individually would be an 
impossible one Fortunately, based upon structural similarities, it 
IS possible to classify organic substances Some of the more im- 
portant and fundamental classes and types which are to be con 
sidered are given in the table 


IMPORTANT CLASSES OF ORGANIC COMPOUNDS 


Hydrocarbons 

Carboxylic acids 

Carbohydrates 

Alcohols 

Ethers 

Fate 

Aldehydes 

Deters 

Proteins 

Ketones 

Amines 



The carbohydrates, fats, and proteins become of particular im 
portance, and for this reason an entire chapter will he devoted to 
each Inasmuch as all organic compounds can be considered as 
derived from the hydrocarbons, we shall study the hydrocarbons 
in this introductory chapter 

SELF-TESTING QUESTIONS 

9 Whst property of the carbon atom makea possible the Formation of so 
many compounds of carbon*' 

10 What are isomers? Why must the o^anlc chemist use structural 

formulas'' 

11 On what basis is it possible to classify organic compounds'' 

12 What does the single bond in structural formulas stand for? 

til THE HYDROCARBONS 

Classification 

Since carbon has a valence of four it would seem that there 
would be but one hydrocarbon, namely, CHi However, we must 
note that carbon atoms can share electrons and m this way attach 
themselves in chains and nngs Hundreds of hydrocarbons are 
known, and from structural considerations many thousands become 
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possible of existence and preparation. Hydrocarbons are organic 
compounds which are built up from carbon and hydrogen as the only 
elements. This statement about the composition of hydrocM’bons 
should be kept in mind by the beginner in his approach to organic 
chemistry. In the study of hydrocarbons as well as other classes 
of organic compounds, emphasis will be placed on dass properties. 
Based on structure, the hydrocarbons can be classified as shown in 
the accompanying table. The name and formula for the first 
member of each series is included in the table. 

A CLASSIFICATION OF HYDROCARBONS 


Aliphatic Hydrocarbons 
(Open Chain Structures) 


Methane 

Ethylene 

Acetylene 

senes 

senes ' 

senes 

(parafhns) 

(olefins) 


Alkanes 

Alkeoes 

Alkynes 

CHi 

CsH* 

C2H3 

H 

H H 


H— i— H 

1 

H— i -i— H 

H— C-C— H 

H 

Methane 

Ethylene 

Acetylene 


Cyciic Hydrocarbons 
(Ring Structures) 


Cycloparaffins 

Aromatics 

CaH« 

CsHb 


H 

H H 

H— H 

H— C C— H 

\ / 

1 “ 1 

C 

1 H— C C— H 

/ \ 

\ 

H H 

1 i 

Cyclopropane 

Benzene 

1 
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Pg 5— MoJefi of the Methane Molecule The inodel on the r gM It a ball and 
It ck type wh le the one on the left s o scole model What it the nature of 
covalence* Courfety TobotStvdo Mron Oho 


The Methane Series 

The table which follows fives names and other data for the first 
several members m the methane or paraffin series of hydrocarbons 
Hydrocarbons of this senes are called alkanes in systematic nammg 
All members of this senes must conform to the general or type 
formula CnHzn+a where n is the number of carbon atoms m the 
molecule Thus if a certam hydrocarbon contains seven carbon 
atoms then it must also contain (2 X 7) + 2 or 16 hydrogen atoms 
in order to be a member of the methime senes A hydrocarbon of 
molecular formula CeHie could not be classified as an alkane 
The paraffin hydrocarbons reprint a typical homologous senes 
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THE METHANE SERIES 


Name 

MtJeeidar Formula 

Possible Structures 

Methane 

CH 4 

1 

Ethane 

CaHs 

1 

Propane 

CsHs 1 

1 

Butanes 

C«H,o 

2 

Pentanes 

CaHia j 

3 

Hexanes 

j 

5 

etc 1 




of organic compounds In any homologous senes consecutive 
members differ by the amount of one carbon and two hydrogens, 
that IS, by the unit — CHa — It is customary to refer to members 
of such a senes as homologues We shall find that homology is 
the nature of other classes of orgamc compounds 
The listmg given in the table is by no means complete for this 
senes, it contmues with an increasmg number of carbon atoms in 
the molecules Paraffin hydrocarbons having nearly one hundred 
carbon atoms in the molecule are known 


Structures of the Methane Hydrocarbons. Isomerism* 

The table pomts out that there is one possible methane, one 
ethane, one propane, two butanes, and three pentanes The two 
butanes, molecular formula C4H10, must have different structures 
and hence are isomers The same situation eiosts for the three 
pentanes Structural formulas follow 


H 

H— C— H 

I 

H 


H H 

I I 

H— C— C— H 

I I 

H H 


H H H H 

I I I I 

H— C— C— C— C— H 

Mil 

H H H H 

Normal butane 


K H H 

I I I 

H— C— C— C— H 

I I I 

H H H 

flnyiTow 

H H H 

I I i 

H— C— C— C— H 

> I I 

H H 
H— C— H 

I 

H 

Isobulone 
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H H 


H H H 
H— C— C— C— C— C— H 

1 I I I I 

H H H H H 

n P«nlan« 


H H H H 

I 1 I I 

H— C— C— C— C— H 


H 


H 

H C-H 

I 

H 

kopeMana 


H 

[ 

H-C'H 


H— C— C~C— H 


H ( 
H— C- 


H 


Examine carefully the structures for the two butanes and be 
certain that you understand wherein they differ Notice, for 
example, that m normal butane the carbon atoms are m one con- 
tinuous cham, while in isobutane the longest continuous cham of 
carbons is three * Hydrocarbons which have all of the carbon 
atoms m the molecule m one continuous cham are indicated m 
naming as normal, usually abbreviated as n- Both of the butanes 
are known, and they have different physical and, to some extent, 
different chemical properties In a similar manner study the struc 
tures for the three isomeric pentanes 

In the structures for the paraffin hydrocarbons it is to be noted 
that all bonds connecting carbons are single bonds, and that each 
bond stands for a pair of shared electrons Hydrocarbons of this 
type are said to be saturated We shall find that this is m contreist 
to the hydrocarbons which make up the ethylene and the acetylene 
senes The alkanes are saturaied h^rocarbons 

As the number of carbon atoms in the molecule increases, the 
number of isomers possible increases rapidly Theoretically there 
are seventy five isomenc decanes, all, however, have the molecular 
formula CioHa^ 

The Hydrocarbon Radicals* 

In the study of inorganic compounds it was learned that there are 
certam rather stable grou{s of atoms called radicals, for example 
the sulfate radical, SO4, and the ammonium radical, NHi Similarly 
radicals exist m orgamc structures, and masmuch as some of these 
are comprised of only carbon and hydrogen, and are important in 
naming compounds and m wntmg formulas and equations, they are 
now considered Names and sbiictures for a few of the simpler, 


*Models are helpful in leanung to uadeistand uoioecism 
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but nonetheless very important, ones are listed m the table Notice 
that the radical is a part of a molecule, some atom or group must 
be attached to the radical to make a complete molecule Hydro 
carbon radicals of this type are known as alkyl groups 


SOME HYDROCARBON RADICALS 


Radical iVame 

Structure 

Condensed Structure 

Methyl 

H 

H-i— 

CHs— 

Ethyl 

H H 

H— i^c— 

CjHs— 

n Propyl 

H H H 

H-i— i-i— 

CHjCHsCHa— 

Isopropyl 

H H H 

H H H 

H— i— i— i— H 

(CHslaCH— 

n Butyl 

ii ' k 

H H H H j 

H— i— c— i— c— 1 

CHjCHaCHaCHs— 


H H H H ; 



Notice that there are two different propyl radicals, but only one 
propane If one attaches a hydrogen atom to either of the propyl 
radicals the result is the same compound, namely, propane How 
ever, if some atom other than hydrogen, or some group of atoms, is 
attached then different (isomenc) compounds result There are, 
for example, two different propyl alcohols One is called normal 
propyl alcohol and the other, its isomer, is isopropyl alcohol 
In addition to the n butyl radical there are three other butyl 
radicals These are named isobutyl, secondary butyl, and tertiary 
butyl 
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Sources and Properties of the Paraffin Hydrocarbons: 

The hydrocarbons of the methane senes are obtained largely 
from natural gas and petroleum Tlie former is essentially methane, 
often over 80 per cent, with relatively small quantities of other 
hydrocarbons 

Petroleum is an exceedmgly complex mixture of compounds, pre 
dominantly liquid hydrocarbons Quantities of gaseous hydro- 
carbons are dissolved m the liqmds, and dissolved sohds are also 
present By the process of fracttonal distillation it is possible to 
separate petroleum into fractions which consist of mixtures of 
compounds having definite boiling point ranges Gasoline and 
kerosene are typical fractions from petroleum oil 

It is also a practice to convert some of the hydrocarbons which 
have the higher molecular weights mto simpler hydrocarbons of 
smaller molecular weight by processes called "cracking " This 
requires the use of catalysts and usually elevated temperatures and 
pressures The smaller molecular weight molecules obtained m 
this way are more volatile, and some are suitable for gasolme mix 
tures Also, certain types of simple hydrocarbon molecules can be 
made to ;om together and give larger molecules This is called 
polymerization The vast petroleum mdustry can today by frac 
tional distillation, crackmg, and polymerization provide from crude 
petroleum oil the many industrially important hydrocarbon mix- 
tures of which the various gasolines, fuel gases, and fuel oils are of 
outstanding importance 

The lower members of the alkane senes of hydrocarbons are 
gases, beginnmg with those which have five carbon atoms, and 
extending to some having as many as twenty five carbon atoms m 
the molecule, they are liquids Higher members are solids, paraffin 
wax, for example, is a mixture of solid hydrocarbons All hydro 
carbons are insoluble in water 

In general, the paraffin hydrocarbons are rather mert chemically 
This is due m part to their saturated character Thus, they may be 
treated with aqueous oxidizers, with strong alkalis, and even with 
concentrated mineral acids at room temperature without any 
chemical activity Such lack of reactivity is an important property 
of the saturated hydrocarbons TTie word paraffin in its derivation 
means "httle affinity " 

There are several characteristic chemical reactions of the alkanes, 
and two of these are to be considered here One of these is comhus 
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tion, or, as it is sometimes termed, high temperature oxidation 
The paraffin hydrocarbons, and all other types of hydrocarbons for 
that matter, are highly combustible, they bum in oxygen, or in air 
which supplies the oxygen, to give carbon dioxide and water as the 
products of complete combustion During this process, energy, 
predommantly in the form of heat, is hberated This hberation of 
energy accoimts for the widespread mdustnal and domestic uses 
of hydrocarbons and hydrocarbon mixtures as fuels 

An equation which expresses the combustion of ethane follows 

2 C2H6 "b 7 O2 4 CO2 *b 6 H2O "b energy 

Another type of reaction which is shown by the methane sen^ 
of hydrocarbons is called substitution This involves the replace 
ment of one or more hydrogen atoms in the hydrocarbon molecule 
by one or more other atoms or radicals We shall confine our study 
of substitution to the use of chlorine and bromine, this can then be 
called kalogenation The equations below illustrate substitution 

CH4 + CI2-+CH3CI + HCI 

Mtthane Methyl 

ehlerirfe 

CH3CI + CI2 CHgClz + HCI 

Methylene 

chlwde 

CH2a2 + Ch-yCHCh + HCI 

Chloroform 

CHCI3 + CI2 CCI4 + HCI 

letrochlorfrls 


Here all four of the hydrogens m the methane molecule have been 
replaced m a stepwise fashion by chlorme atoms Notice that each 
of the reactions of substitution gives two products The use of the 
halogens m substitution is confined to chlorme and bromme, lodme 
IS not reactive with hydrocarbons, and fluonne proves to be so 
highly reactive that the organic structure is broken down Replace 
ment of hydrogens m hydrocarbons by chlorme and bromine is 
favored by elevated temperatures and actinic light Chloroform, 
carbon tetrachloride, etc , are not prepared commercially accordmg 
to the reactions just given because, as is shown, a number of substi- 
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tution products are formed at the same time, and it is not economi- 
cally feasible to separate them 

The Ethylene Series of Hydrocarbons: 

The table gives the names and molecular formulas for the first 
several members in the ethylene senes This senes of hydrocarbons 
IS known also as the olefin senes, and the members are termed 
alkenes 


THE ETHYIENE SERIES 


Name 

1 

Molecular Formula 

Number of 
Structures 

Ethylene 

CsH« ! 

1 

Propylene 

C,H« 

1 

Butylenes 

C^Hs 

1 3 

Amylenee 

CjH.o 

6 

Hexylenes etc 

1 C*H,, 

13 


The olefin hydrocarbons are unsaturated, this is indicated m the 
structure of each olefin by the presence of one double bond between 
adjoming carbon atoms The structural formulas which follow 
illustrate this important diaractenstic 


H H 

1 ! 

H— C^C—H 

Ethylene 


H— C— C=C— H 


H H H H 

I I I i 

H— C— C==C— C— H 


H 

Propylene 


H H H H 

I i I i 

H— C— C— C=C— H 

I ( 

H H 

The three bvlylenei 


H H 

1 i 

H— C— <^C— H 

tl I 

H-C H 

! 

H 


The double bond is the symbol employed for four shared elec 
trons, or smce electrons are shared m pairs the double bond stands 
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f g 6 — Models of the Ethylene Molecule How does the model show the unsotu 
rat on found n ethylene* Courtesy Tofc os Stud o Akron Oh o 


for two pairs of shared electrons It is not to be considered as a 
point of structural strength and stability m the molecule actually 
the double bond is a center of chemical activity and the more 
characteristic chemical reactions of these hydrocarbons involve the 
point of unsaturation 

In addition to the structures for ethylene and propylene the 
structures for the three butylenes are given primarily to point out 
that the molecular formula C4H5 reprints three isomenc unsatu 
rated hydrocarbons Observe also that the olefin senes is a homol 
ogous senes of hydrocarbons The general formula for this senes 
to which all members must conform is CnHan 

Sources and Properties of the Ethylene Series of Hydrocarbons 

"Onlike the paraffin hydrocarbons the alken^ occur m nature 
only m traces for example very small quantities of ethylene are 
found m natural gas However large quantities of the olefins can 
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be made commercially by cracking the paraffin hydrocarbons 
(See page 266 ) The equation whidi follows gives a somewhat 
simplified version of how a butylene (1 butene) might be formed 
by cracking normal octane 


HHHHHHKH HHHH 

I I I I I I ! I I I f I 

H— C— C— C— C— C— C— C— C— H H— C—C— C— C— H + 

I I I I I I I I MM 

HHHHHHHH HHHH 


HHHH 

MM 

H— C=C— C— C— H 


l>Bulen« 

C4Hs 


The olefins of lower molecular weight are gases Beginning with 
those of five carbon atoms they become bqmds Like all hydro 
carbons, the alkeaes are insoluble id water 
The members of the ethylene senes, pnncipally because of the 
double bond which gives them unsaturation, are far more reactive 
than the paraffins The olefins are combustible and, like all other 
hydrocarbons, if the supply of oxygen is adequate, they bum to 
give carbon dioxide and water with liberation of energy, largely as 
heat By way of illustration, propylene gas bums accordmg to the 
following equation 

2 C^Ho 9 O 2 — ^ 6 CO 2 "h 6 H 2 O energy 

Propylene 

The most typical chemical reaction of the alkenes is called 
addition Because of unsatoration it is possible for these hydro 
carbons to add such substances as hydrogen, chlorine, and bromine 
In the course of the addition tlw double bond gives way to a smgle 
bond, and hence the unsaturahon disappears and the product of 
the reaction is saturated Ethylene and its homologues, under 
proper conditions which include tiie use of a catalyst add on 
hydrogen 
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H H H H 

II II 

H— C=C— H + H— C— C— H 

Ethylene | [ 

H H 

The addition of bromine to ethylene proceeds as follows 

H H H H 

II II 

H— C=C— H + Bra H— C— C— H 

Ethylene ( | 

Br Br 

Ethylene d bromide 


The addition of chlorine and bromine to unsaturated hydrocarbons 
IS favored by low temperature Eind the absence of light Notice 
that m the addition type of reaction only one product is formed 
The student should at this point contrast substitution with addition, 
tummg back, if necessary, to the discussion of the reaction of 
paraffin hydrocarbons with bromine and chlorme 
In conclusion, another typical reaction of olefimc hydrocarbons 
IS polymerization Because of unsaturation it becomes possible for 
molecules to add to one another and build up hydrocarbons of high 
molecular weight One of the newer polymenc substances which is 
findmg a variety of uses is polyethylene or polythene, prepared 
from ethylene Polypropylene is a similar polymer 


The Acetylene Series of Hydrocarbons* 

The hydrocarbons of this senes, bke those of the ethylene senes, 
are unsaturated However, the d^ree of unsaturation is higher, 
and it IS represented by a tnple bond between adjacent carbons 
The tnple bond becomes a simple way of representing three pairs 
of shared electrons The data of the accompanymg table and the 


THE ACETYLENE SERIES 


iVome 

molecular Formula 

Acetylene 

C2H2 

Methylacetylene 

CsH* 

Dimethylacetylene 

C’.tMm 1 

Ethylacetylene 
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structures given illustrate a number of the acetylenic hydrocarbons. 
All conform to the type formula Ci,H5b_2. 


H— feC— H 

Acetylene 


H H 

I I 

H— C— C— C^C— H 

I I 

H H 

Ethytgcetylene 


H— C— CsC— H 

! 

H 

Methylgcetylene 

H H 

I 1 

H— C— CsC— C— H 

I ) 

H H 

Dlmeihylacelylene 
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In scientific nomenclature the hydrocarbons of the acetylene 
series are called alkynes. By far the most important hydrocarbon 
of this series is acetylene itself. Acetylene does not occur in nature, 
but it can be made very easily from calcium carbide and water at 
room conditions. 

CaC 2 + 2 H 2 O C 2 H 2 + Ca(OH )2 

Acetylene gas with air forms highly explosive mixtures, and care 
must be used in preparing and using this hydrocarbon. 

The acetylenic hydrocarbons, in a gener^ way, exhibit the same 
reactions as the olefins, this is to be expected because both types 
are unsaturated. Inasmuch as the degree of unsaturation is higher 
in the acetylenes it is necessary for them to add on greater amounts 
of hydrogen, chlonne, etc., before becoming saturated. The 
ethylene molecule, as we have seen, becomes saturated by adding 
on one molecule (two atoms) of bromine. To saturate the acetylene 
molecule two molecules of bromine are required. 

Br Br 

H— CsC— H + 2 Bt2-> H— C— C— H 

I i 

Br Br 

Aceryknt lelrobromidA 



Rg. 8 — The Greatest Use of Acetylene. The oxyocetylene flome, produced by 
burning acetylene In pure oxygen, N a source of Intense heat (3300 ± ”0, and 
Is used in welding, cutting, and melting metals or their alloys. What efemenlory 
substance, previously studied, bums nt oxygen to provide a similar high temper- 
ature flame? Courtesy, Undo Co. 
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By self addition, or addition to similar molecules, acetylenic 
hydrocarbons form higher molecular weight products. Acetylene, 
for example, is a starting material for the preparation of neoprene, 
a high molecular weight polymer which has rubber-like properties. 

Three Typical Aliphatic Hydrocarbons; 

Inasmuch as methane, ethylene, and acetylene are very impor- 
tant and also representative members of their respective series, 
some further facts about them are included in the table which 
follows 


THREE IMPORTANT ALIPHATIC HYDROCARBONS 


Hydrocarbon ^ 

phytical Stole 

Properlies and Uses 

Methane 

CH« 

Gas 

Combustible. Known also as marsh gas 
and fire damp Occurs in natural gas 
Valuable as a fuel and for the prepa* 
ration of gas black (lamp black) A 
constituent of intestinal gases /roiQ 
decomposition of food residues 

Ethylene 

CHa-CHa 

Ou 

Combustible Mixed mtb oxygen, ethyl- 
ene IS a useful anesthetic Mixed with 
air, m low concentration, ethylene is 
used to change the color of green 
fruits, for example, citrus fruits, to the 
color of npe fruit 

Acetylene 

CH^CH 

Gas 

Highly explosive with air. When prop- 
erly burned gives a bnlLant white 
light and intense heat Used with 
oxygen in the oxyacetylene torch 
Raw material for synthesis of many 
organic compounds 


The Cycloparafiins. Cyclopropane: 

The cycloparaffins are ring structures, and inasmuch as the 
members of the series are saturated their chemistry is in many 
respects pimilar to that of the abphatic paraffins. The structures 
for two typical members of this seri^ are presented here. 
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C 

H— C C— H 


H H 

H H 

C C 


H 


H C- 

I 

H 


Cyclopropane, a colorless gas, is of particular importance because 
of its use as an inhalation anesthetic When thus employed it is 
mixed with oxygen The chief disadvantage m its use as an anes 
thetic IS its explosive character It has the advantage of being 
nommtating, and recovery is rapid with no ill after effects 



Rg 9 — An Anesthetic. Cyclopropane (CjHs) or tnmefhylene made 
lU frst cl meal appearance in 1933 at the Univemty of Wisconsin 


Before dismissing the cyclic aliphatic hydrocarbons it is to be 
pointed out that there are also cyclo olefins These are cyclic 
hydrocarbons m which a double bond appears between adjacent 
carbon atoms Cyclohexene, CeHio, is one of the best known 
hydrocarbons of this type 


The Aromatic Hydrocarbons Benzene* 

All of the aromatic hydrocarbons and their many derivatives 
exhibit a type of structure known as the benzene or aromatic nng 
The simplest and most important hydrocarbon of the aromatic 
division is benzene 
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H 

i 

C 


c 

( 

H 


-H 

II 

C— H 


The aromatic ring, as depicted in the structure of benzene itself, 
consists of six carbon atoms with single and double bonds placed 
m alternate positions around the ring. Such an arrangement of 
bonds makes each ceirbon tetravalent. The presence of the double 
bonds irnphes that considerable unsaturation should exist. How- 
ever, the unsaturation of the aromatic ring is of an unusual type, 
and ordmanly the replacement of the hydrogens, which is substitu- 
tion, is much more readily accomplished than is addition to the 
double bonds. Later there will be occasion to consider some of the 
derivatives of benzene, and it will be found that these are the 
result of replacing one or more of the hydrogens of benzene with 
other atoms or radicals 

Benzene is a colorless liquid of characteristic odor. One of the 
most important sources of this hydrocarbon is coal tar, a liquid 
obtained aa a by-product in the preparation of coke by the destruc- 
tive distillation of soft coal. Benzene has great value as the starting 
material for the preparation of a large number of synthetic aro- 
matic compounds. 


SELF-TESTING QUESTIONS 

13 What are the names of the vanous senes of hydrocarbons’’ 

14 What IS the important structural dilference between the saturated and 

the uiisaturated hydrocarbons’ 

15 Why IS it impossible for an alkane to form addition products’ 

16 To what senes of aliphatic hydrocarbons would C 12 H 23 belong’ 

17 What are homojogues’’ What are isomers’ Illustrate 

18 What la polymerization’ Why caimot the alkanes show this type of 

reaction’ 

19 In what respects is cyclopropane hke propane’ How do they differ? 

20 How IS It possible to have five different hydrocarbons, all of formula 

CaH, 4 ? Illustrate by giving suitable formulas 
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21 What chemical property is characteristic of all hydrocarbons, regardless 

of structure’ 

22 How does the substitution type of reaction differ from the addition type’ 

23 How many products are formed in a substitution reaction’ How many 

are formed in the addition reaction’ 

24 How IS acetylene prepared’ Write the equation for its combustion 

25 What 13 a structural characteristic of all aromatic compounds’ 

26 How does the unsaturation pictured by the benzene nng compare with 

the unsaturation of ethylene and other olefins’ 


iV. HALOGEN DERIVATIVES 
Some Common Halogen Substitution Products: 

There are a number of halogen derivatives of the hydrocarbons 
which because of their uses merit consideration at this point 
Several have already been mentioned m this chapter m connection 
with the reactions of the hydrocarbons The table (page 278) gives 
the names, structures, and other pertment data 



The first four compoimds m the table can be looked upon as 
derivatives of the hy^ocarbon methane Ethyl chlonde is struc- 
turally related to ethane, and tnchloroethylene is derived structur- 
ally from ethylene 


Local anesthetic rapid 
Gaa (eaaJy evaporation freezes 

liquefied) tissue Inhalation 

anesthetic 

Industrial solvent Used 
in preparations for 
cleaning clothes rugs 
etc 


SELF-TESTING QUESTIONS 

27 Which halogen derivatives of hydrocarbons have use as anesthetics'^ 

Which are useful solvents’ 

28 What are the four chlonoe substitution products denved from methane'^ 

29 How would you make ethylene d chlonde from ethylene? 

30 In what type of fire estraguisber b carbon tetrachlonde found? 

Ne<« Thi temeinds' el Ih t chapter tney 
be em Hed when I me mutt be levtd 


V. PETROLEUM, A LIQUID SECOND IN 
IMPORTANCE TO WATER 

Whenever organic material decomposes in the presence of air, 
most of the carbon mutes with oxygen to form carbon dioxide. 


Trichloroethylene Cl — C — C — Cl Liquid 
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but in the absence of air, the carbon is left combined with hydrogen 
to form the hydrocarbons. Tliey fiimish the logical starting point 
for the study of organic compounds. The commercial importance 
of these hydrocarbons may be appreciated when we learn that 
they make up such valuable substances as natviral gas, gasoline, 
kerosene, lubricating oils, petroleum jelly, and paraffin. 

Composition of Petroleum: 

Most hydrocarbons come from petroleum, which includes both 
crude oil and natural gas and is found only in porous rocks, usually 
of sedimentary origin. The porous rocks, such as sand stone, act 
as reservoirs for gases and liquids. Gas being the lightest tends to 
accumulate in the top of the reservoir, while the oil which is lighter 
than water will in time separate and acciimulate above the water. 
Oil and gas are tisually found together, but may occur separately. 
Although petroleum is widely distributed over the world, the 
largest part (70 per cent) is obtained in the United States (Fig. 12). 


Rg. 12 (Above)— 'The first wells dug in 
this country were for solt, and the 
“spring pole" method employed was 
odopted in many early oil wells. This 
consisted of a limber pole, anchored at 
one end, and passed over a post. Men 
pulled at the rope at the far end, causing 
the pole to ^rinp and driving the dnll* 
ing fools against the bottom of the hole. 

The method was origmoted by the 
Chinese 2,000'odd years ago Now 
drilling methods ore of two types— 

Cable Tool (percussion) m hard rock for* 
motions and the more commonly used 
Rotary Method. 

(Right) — Giant oil derricks pumping oit the life blood of the machine age. Petro* 
leum oils are complex mixtures of hydrocarbons, containing sulfur, nitrogen, and 
oxygen derivatives. Why is it necessory to remove sulfur compounds from gasoline 
derived from petroleum* Courfeiy, H. Armstrong Roberts, Philadelphia, 
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When this supply becomes exhausted the oil bearing shales of Utah 
and elsewhere promise to ftirmsh even greater yields of petroleum 
than now available Petroleum is of industrial importance chiefly 
as a source of fuel, of lubncants, and to some extent as a source ot 
solvents The oil industry has provided the lifeblood of victory in 
two world wars and has built the United States into a nation on 
wheels m tune of peace 

Ah petroleum oils are not alike, they contain different kinds of 
hydrocarbon mixtures, as a result of the decomposition of different 
varieties of plant life, under different conditions of temperature 
and pressure Soma oils even pomt to ammal origin All contain 
a varying amount of ill smellmg sulhir compounds, which make 
them objectionable for most commercial uses In buying automo 
bile oil and gasolme we hear contmual reference made to oils of a 
paraffin or of an asphdt base. Pennsylvania oil has a paraffin 
base and makes a fine grade of lubncatmg oil On the other hand, 
our petroleum oils of the West (California) are mostly of an 
asphdtum base and are supposed to give an excellent grade of 
gasolme, but not such good lubncatmg oils, however, m the hght 
of present refining methods it is difficult to draw much distmction 
between these two kmda of oils 

Refining of Pelroleum 

Some crude oil is used for fuel but the greater part is subjected 
to fractional distillation, a process whereby different portions boilmg 
at different temperatures are collected separately The separation, 
as usually earned out, attempts to produce three mam products 
gasoline, kerosene, and lubncatmg oils In some cases Ihe distil 
lation IS stopped at a certam temperature so that there will be left 


GAiOLm 4X8% 


REsmAL neL24x%\ 

OISTIUA7E fU£L 143% 

l^ZPHALT 0^0^ 


fig 13 — A Drum of Hydroearbon*. Vofome of products 
obta Red from o boirel of crude petroleum To what extent 
may these perceiOager voryl 
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a residue of asphalt. At other times the distillation is carried on 
imtil nothing is left but petroleum coke. Some varieties of petrolemn 
yield, in addition to lubricating oils, a black pitch used in roofing 
and painting. 

The next step in the refining is to remove from the distillates 
the objectionable materials, such as the foul smelling sulfur com- 
pounds and the wa^ or tarry substances which oxidize on exposure 
to air to form gummy products that interfere with burners or 
carburetors. This is accomplished by agitating the distillate with 
sulfuric acid, removing the diarred material and spent sulfuric 
acid, carefully neutralizing any remaining add with a base, and 
then washing with water to remove all remaining impurities. 

The first oil distillate may be refined by being filtered through 
bone black, which removes the color and improves the odor and 
taste. In this refined state it is used in medicine to prevent con- 
stipation and is commonly called albolene or mineral oil. From a 
chemical standpoint the mineral oils have no relation to the animal 
and vegetable oils in that the mineral oils are not digested or 
absorbed, but merely act as lubricants. 

Smce gasoline is the most valuable product of the refining process, 
the yield of “straight run” gasoline, obtained by distillation of the 
more volatile hydrocarbons (heptane, octane) has been materially 
increased (about 50 per cent) by decomposing the heavier molecules 
of oils into lighter molecules by means of heat and pressure. This 
cracking process produces a large amount of unsaturated ahphatic 
hydrocarbons, frequently called olefins. 

The following table tluows some light on the physical properties 
and uses of the commercial products obtained from petroleum: 


Name 

Specific 

Gravity 

Boiling Point 

Uses 

Petroleum ether 

0 65 to 0 67 

35’ to 80* 

Solvent 

Gasoline 

0 73 to 0 76 

40’ to 223’ 

Fuel 

Naphtha 

0 66 to 0 80 

40" to 225’ 

Solvent 

Kerosene 

0 80 to 0 84 

175’ to 300* 

Light, fuel 

Lubricating oils 

0 86 to 0 95 

350’ up 

Lubrication 

Paraffin 

0 goto 0 93 

50® to eo’ M P. 

Caudles, wax 

Asphalts 

Coke . 

0 93 to 1 10 

Viscous liquids 
to 150’ M P. 

Paving, roofing 

Fuel 
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SELF-TESTING QUESTJONS 

31 What ptonuses to be our greatest natural source of petroleum iq the 

future’ 

32 What IS the general difference in composition properties between the 

oils of Pennsylvania and California? 

33 What 13 fractional distiUabon? 

34 Flow do petroleuraa differ in their distillates and residues’ 

35 How are impurities removed from gasohce’ &om oil? 

36 What IS meant by the ‘ ciackmg of otls"? 

SUGGESTED ACTMTIES 

I TnOOGHT-PROVQKlNO QUESTlONa 

1 How did the work of Wohler aid m our understanding of the 

normal processes of the body? 

2 Besides the five general ways mentioned, m what other ways do 

organic compounds differ from inorganic? 

3 How has orgamc chemistry been of aid to the physician? 

4 What IS the meaning of structural, empirical, and molecular 

formulas? 

8 Make the structural formula of ethyl alcohol, CjHtOH, and 
explain why this compound is inactive m solution 

6 Wnt« graphic formulas showing that carbon may act as a metal 

or a nonaetaL 

7 Enumerate all of the reasons tor the formation of isomenc com 

pounds 

8 In addition to the satisfaction of acguinsg knowledge what m 

portance is attached to the study of organic chemistry’ 

9 Whstu the ultimate source of m<»t of tbe carbon in plant products? 

10 Considering that fuel gases consist of various hydrocarbons auch 

as methane, ethylene; and acetylene, write equations to show 
how an inadequate supply of oxygen might account for soot 
(carbon) deposits on utensils over these burning fuels 

11 Lubrication of rubber equipment with mineral oil or petroleum 

jelly tends to dissolve tbe rubber What does this solubibty 
show concerning the structure of rubber’ 

II VOCABULAKT TeSTINO OF NeW TEIOSS 

organic chemistry saturated compounds ahphatic 

biological chemistry substitution products aromatic 

hydrocarbons unsaturated compounds heterocyclic 

homologous senes isomenc carbocyclic 

HI Topics por Oral or Written Reports 

1 Living Organisms Are Chemical Laborafones 

2 Why Coal Tar Has Become a Valuable By product 

3 Organic Chemistry in the Service of Mediane 

4 Some Recent Advances in Medicine Made Possible by Organic 

Compounds 

LABORATORY CHEMISTRY 

laboratory exercises for this chapter will be found on pages 701, 704. 708 
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THE ALCOHOLS, ALDEHYDES, 
KETONES, AND ETHERS 


CHAPTER OUTLINE 


I The Alcohols 

(a) Nature of alcohols 

(b) The senes of saturated mono 

hydnc alcohols 

(c) Isotnensm 

(d) Classification of alcohols 

(e) The ozidabon of alcohols 

(f) Other reactions of alcohols 

(k) Two important moaohydnc 
alcohols 

(h) Polyhydnc alcohols 

II. The Aldehtoes 

(a) Nature of aldehydes 


(b) The oxidation of aldehydes 

(c) Polymers from aldehydes 

(d) Two important aldehydes 

lit The Ketones 

(a) The structure and nature of 

ketones 

(b) An important ketone 

IV The Ethers 

(a) Nature of ethers 

(b) Preparation and properties of 

ethyl ether 

(c) Anesthetics 


fntroduction: 

With some imderstanding of the hydrocarbons we can now con- 
sider some series of compounds which contain elements in addition 
to carbon and hydrogen. We pass from the study of the funda- 
mental hydrocarbons to o^anic compounds called derivatives. 
These are compounds which are formed by substituting atoms or 
radicals for an equivalent number of hydrogens in the hydrocarbon. 

An element often found in derivatives of hydrocarbons is oxygen. 
There are three general groups of these compounds of carbon, 
hydrogen, and oxygen, namely, (1) the alcohols, which may be 
viewed as first oxidation denvatives of hydrocarbons, (2) the 
aldehydes and ketones, the second oxidation derivatives, and (3) 
the carboxylic acids, the third oxidation derivatives. Structurally 
related to these general groups of oxygen-containing compounds 
are the ethers and esters, and the carbohydrates and fats. 

I. THE ALCOHOLS 

Nature of Alcohols: 

The general public knows two alcohols. These are grain alcohol, 
which is present in alcoholic beverages, and wood alcohol, a highly 
poisonous substance. In this chapter we shall find that there are 
many other alcohols, and that all have a similarity of structure. 
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The alcohols may be considered as derived from the hydro 
carbons, at Jeast structuraHy, and all of them contam m addition 
to carbon and hydrogen a third element, oxygen The charactenstic 
group m which the oxygen appears is the —OH structure When 
this IS found m the inorganic compounds it is customarily called 
the hydroxyl radical, and the compounds are classified as bases. 
We have learned that the water soluble bases provide solutions 
containing hydroxyl ions, OH- Alcohols, however, are not bases 
They are neutral substance and they do not dissociate in water 
Therefore somewhat different properties are typical of the — OH 
radical when it is present m organic molecules, and one must think 
of it as the alcohol group 

Organic chemists frequently use R to denote the various hydro 
carbon radicals, for example methyl, ethyl, and n propyl On this 
basis one can set up a general formula for the alcohols This 
formula is R— OH, and it points out that in its simplest form the 
alcohol consists of a hydrocarbon radical linked to an alcohol 
group, 1 e , the — OH group 

Actually some alcohols contam more than one alcohol group in 
the molecule Those containing but one are cla.ssified as mono 
hydric, those with two are dihydnc, three trihydric etc Methyl 
alcohol, CHjOH, is a monohydnc alcohol ethylene glycol, 
C2H4(0H)2 13 a dihydnc alcohol, and glycerol, CsMs(OH )3 is 
trihydric However, smce we are primarily interested in the chem 
istry of the alcohol group, most of the discussion presented here 
will be based on the monohydnc alcohols 

The Series of Saturated Monohydnc Alcohols 

The accompanymg table gives the names and formulas for the 
first several members in the senes of monohydnc alcohols All 


MONOHYDRIC ALCOHOLS 



-Farjau/a 

) J^pssxMi" Structures 

Methyl alcohol 

CHjOH 

\ 1 

Ethyl alcohol 

C»HbOH 

1 

Propyl alcohols 

C»HrOH 

2 

Butyl alcohols 

C«H80H 

1 4 

Amyl alcohols 

C«H,iOH 

& 

Hexyl alcohols etc 

CsHmOH 
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carbon to carbon bonds are sm^e linkages, and therefore these are 
saturated alcohols 

An inspection of this list of alcohols shows that the senes is a 
homologous one, that is, consecutive members differ in formula by 
the unit — CH 2 — Also, using n to denote the number of carbon 
atoms m the molecule, the general formula for all members of this 
senes becomes CnH 2 B+iOH 

Methyl alcohol, ethyl alcohol, and the propyl alcohols are soluble 
m water m all proportions Startmg with the butyl alcohols the 
solubility m water falls off rapidly The lower members of the 
senes are liquids, and possess rather pleasant odors Higher mem- 
bers are solids For example, lauryl alcohol, CH3(CH2)ioCH20H, 
IS a white, water-msoluble solid 


Isomerism: 

Reference to the table shows that beyond ethyl alcohol the type 
of formula given is not adequate There are two different propyl 
alcohols, C 3 H OH, and four different butyl alcohols, C 4 H 0 OH 
Just as was learned m the study of the hydrocarbons, when two or 
more substances have the same molecular formula one must make 
use of structural formulas to show how the isomers differ FoUow- 
mg are the expanded and also the condensed structural formulas 
for the alcohols of this senes through the butyl alcohols 


H 

CH 3 OH 


H H 

I I 

H— C— C— OH 

I 1 

H H 

C2H9OH 


H H H 

I I I 

H— C— C— C— OH 

I I I 

H H H 

CHjCHzCHaOH 
n Propyl alcohol 


H H H 

I ] I 

H— C— C— C— H 

I I I 

H O H 
H 

(CHsjijCHOH 
Isopropyl olcohel 


H H H H 

i I I I 

H— C— C— C— C— OH 

Mil 

H H H H 

CHgCH-CHsCKaOH 
n Butyl 
alcohol 


H H H H 

I 1 I I 

1— C— C— C— C— H 

III! 

H O H H 
H 

CH3CHOHCH2CK3 
Secondary butyl 
alcohol 
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H-C-H 
H { H 

I I I 

H— C— C— C— OH 

J. i i 

(CHsJiCHCHjOH 

bobutyl 


H 

H C-H 
H I H 

I I I 

H— C— C— C— H 

1 1 I 

H O H 
H 

|CHs)*COH 
Tertiary bi/fyl 
alsehol 


In examining the structures observe how one makes use of the 
names for the hydrocarbon radicals m naming alcohols 



Fig 1— ModeU of the Methyl Alcohol Molewle The model on the right is the 
boll end jfielc type, end the one on left •» *» *cole model The smoll white 
circle idenlfle* the oxygen ofom Whot group ng i* distinct ve in all alcohols? 
Courtesy, robios Shidio, Akron, Oh/o 
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A Clossificafion of Alcohols: 

An important classification of alcohols is made possible on the 
basis of the position of the alcohol group relative to the remamder 
of the molecule In this classification alcohols are designated as 
primary, secondary, or tertiary In all primary alcohols, exceptmg 
methyl alcohol, the carbon atom to which the alcohol group is 
joined has attached to it two hydrogen atoms In the case of 
methyl alcohol, the simplest of all primary alcohols, the number 
of attached hydrogens is three For all secondary alcohols the 
carbon atom which carries the alcohol group has but one hydrogen 
directly attached to it, and m the tertiary alcohols the carbon atom 
carrymg the alcohol group has no hydrogens attached The general 
formulas for the three classes then become 


H 

R 

R 

1 

R— C— OH 

1 

1 

R'_C— OH 

1 

r'_C_OH 

1 

1 

H 

1 

H 

1 

R" 

Pnmory alcohot* 

$««9ndary olceSoIi 

Ttrliory elcohott 


In all cases, exceptmg methyl alcohol, R, R' and R" denote hydro 
carbon radicals Now look back to the section preceding this one 
and classify each of the eight alcohoU as primary, secondary, or 
tertiary 

This classification becomes impiortant m a study of the alcohols 
because each type shows m some respects a different chemical 
behavior from the others We shall see this now as we turn to a 
study of the oxidation of alcohols 

The Oxidation of Alcohols* 

Alcohols bum to produce carbon dioxide and water when the 
combustion is a complete one Ethyf alcohol, for example, bums 
with a hot, blue flame, and becomes a suitable fuel for alcohol 
burners and heat lamps 

C 2 HJOH + 3 02-^2C02 + 3 H 2 O + energy 

This equation represents a complete high temperature oxidation 

Through the use of aqueous oxidizmg agents a number of im 
portant classes of organic compounds can be prepared from the 
alcohols, these are mtermediate between the alcohols themselves 
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and the products of their complete omdation which we have just 
seen to be carbon dioxide and water In this connection the classifi 
cation as pnmary, secondary, and tertiary becomes important 
inasmuch as each type shows a diilerent behavior when oxidized 
For this kind of oxidation some of the suitable oxidizing agents 
are potassium permanganate solution, sodium or potassium di 
chromate solution acidified with sulfunc acid, dilute nitnc aad, 
etc When ethyl alcohol la treated with neutral potassium per 
manganate solution the first oxidation product is an aldehyde, 
CH3CHO, called acetaldehyde 

3 CjH^OH + 2 KMn 04 3 CH 3 CHO + 2 KOH + 2 MnOa + 2 H 2 O 

Cth/I ofeofiol 


Balanced equations of this type are time consummg to write In 
studying the oxidation of alcohols and, on occasion other substances 
we shall therefore mdicate the use of a suitable oxidizing agent 
like those just mentioned, by writmg an 0, the symbol for ojygen 
above the arrow m the equation In this way the balanced equation 
which has just been given is greatly simplified 

H H H H 

II O II 

H— C— C— OH H-C— C=0 + H.O 

1 1 I 

H H H 

The aldehydes like the primary alcohols from which they are 
formed, are easily oxidized Hence, if some provision is not made 
for promptly removing aldehydes from the presence of the oxidizmg 
agent, they are oxidized to carboxylic acids Acetaldehyde gives 
acetic acid 


H H 

I 1 

H-C— C=0 

! 

H 

Aceto(deFiyd« 


H O 

I II 

H— C— C— OH 

i 

H 

Acel e aetd 


Methyl alcohol is the simplest of all of the pnmary alcohols and 
the stages in its oxidation are as foUovre 
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(1) H— C— OH H— C=0 + H 2 O 

I Formaldehyde 

H 

Methyl oleohol 

H O 

! o II 

(2) H— C=0 H— C— OH 

Formaldehyde Form c ac d 

Unlike the other organic acids of its type, formic acid is readily 
oxidized by aqueous oxidizers to give carbon dioxide and water 

O 

II O 

0} H— C— OH CO^ + H 2 O 


Notice that the number of hydrogens attached directly to the 
carbon which originally carried the alcohol group decreases from 
two to none in the oxidation of ethyl alcohol and from three to 
none (in CO2) in the oxidation of methyl alcohol 
Generalized formulas are helpful m depictmg the oxidation of 
the primary alcohol 

H H 

I O I 

(1) R— C— OH R— C=0 + H'.O 

( Aldehyde 

H 

Pr mory alcohol 


( 2 ) 


H O 

I o !! 

R— C=0 R— C— OH 

Aldehyde Carboxyl c acid 


To summarize, the oxidation of a primary alcohol by the use of 
suitable oxidizmg agents produces first the aldehyde The aldehyde 
m turn is readily oxidized to the carboxylic acid In the case of 
tormic acid the oxidation may contmue to give carbon dioxide and 
water The homologues of formic acid are sufficiently resistant to 
oxidation to be unaffected Also, in the study of the behavior of 
primary alcohols with aqueous oxidizers two new types of organic 
compounds have been met with, namely, the aldehyde and the 
carboxylic acid 
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The oxidation of secondary alcohols with aqueous oxidizers 
follows a different course from prunary alcohols The simplest 
secondary alcohol is isopropyl alcohol, its oxidation produces 
acetone, a compound which is da^ided as a ketone 


H H H 

1 1 1 

H— C— C— C— H 

I I I 

H O H 
H 

liepropyl alcohol 


H H 

1 I 

H— C— C— C— H + H 2 O 

I II I 


H O H 




The ketones are not easily oxidized More powerful oxidizers 
than those considered here will attack ketones, but in so doing 
deep seated decomposition sets in with the formation of products 
having fewer carbon atoms m the molecule Notice in the secondary 
alcohols that the carbon atom to which the alcohol group is attached 
carries but one hydrogen, and this is removed m forming the ketone 
The use of general formulas leads to the following equation 
R R 

1 O I 

R'— C— OH -4 R'— + H 2 O 

i 

StKondcrf akehel 


As a summary, the oxidation of a secondary alcohol produces a 
ketone Ketones in turn resist oxidation 
Molecules of tertiary alcohols have no hydrogen attached to the 
carbon atom which carries the alcohol group Tertiary alcohols are 
consequently resistant to oxidation Powerful oxidizers break them 
down into molecules which contam a fewer number of carbon atoms 
than the tertiary alcohols themselves The simplest of the tertiary 
alcohols is tertiary butyl alcohol 
H 


H— C— H 

H I 

\ I o 

H — C — C — OH “4 to aiildollon 

/ 1 

H I 

H— C— H 


H 
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Other Reactions of Alcohols: 

In some alcohols, particularly the primary ones, the hydrogen of 
the alcohol radical can be replaced by very active metals 

2 CHJCH2OH + 2 No 2 CHaCHsONq + H2 

Elti/f eleohel Sod vm efhy/ore 

Alcohols react with acids, both morganic and orgamc, to produce 
"ethereal salts,” more commonly called esters Nitrous acid reacts 
with n amyl alcohol to give the ester n amyl nitrite This compound 
has use m medicme as a vasodilator m angma pectoris Smce it 
relaxes bronchial muscles, n amyl nitnte is useful m treatmg 
asthma 

CH3CH2CH2CH2CH2OH + HONO->CH3CH2CH2CH2CH20NO + H2O 

n Amyl olcohel n Amyl nitrite 

The sulfunc aad ester of lauryl alcohol is of mterest because its 
sodium salt is an important detergent The steps m its manufacture 
are as follows 

( 1 ) CHalCHjlioCHjOH + H2SO4 -4 CH3(CH2>ioCH20S03H + H2O 

Lavryl ol<oh«l Isvryl tvifuric ocid 

(on Biter) 

(2) CH 3 (CH 2 )ioCH 20 S 03 H + NoOH^CHsICH^lioCHzOSOsNa + H2O 

Sod um lauryl lulfate 

Sodium lauryl sulfate and similar compounds are widely used as 
soapless detergents 

The behavior of alcohols with organic acids will be considered 
later after the carboxyhc acids have been studied 

Alcohols are starting materials for the preparation of ethers In 
a later section of this chapter it will be shown how ethyl ether is 
manufactured from ethyl alcohol 

In addition to the reactions of the alcohols which have been 
discussed here there are many others A number of the alcohols are 
cheap, readily available compounds, and they are suflBciently re 
active to serve as raw materials for synthesizmg a variety of more 
complex orgamc compounds 

Two Important Monohydric Alcohols* 

Methyl alcohol and ethyl alcohol are of suffiaent importance to 
warrant individual attention 
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The scientific name for methyl alcohol is methanol, and this has 
come into rather general usage. Methyl alcohol is also known as 
wood alcohol because at one time an important source was a liquid 
called pyroligneous acid which is produced in the destructive 
distillation of wood. Today the important source is synthesis from 
carbon monoxide and hydrogen. These gases are mixed in proper 
proportions and heated at 400® C. and 150 atmospheres of pressure 
in the presence of a catalyst. 

CO + 2 H 2 -tCH 30 H 

Methyl alcohol is a colorless liquid which boils at 65® C. It is 
miscible with water in all proportions The vapors of this alcohol 
bum readily with a hot blue flame. Methanol is highly poisonous. 
In the body it is oxidized to toxic formic acid which will paralyze 
the optic nerves and lead to blindness. Death may ensue from 
larger amounts; two to four ounces are usually fatal 



Fig 2— Three Important Akoholt. The model* show the molecular structure of these 
three alcohols. The dihydrie alcohol, colled ethylene glycol, I* an excellent anirfreeze 
solution for automobile rodiators. Why ts It better for this purpose than the odter 
two olcohoUl Courtesy, Cor&tde and Carbon Chomiea/t Carp. 
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Despite its poisonous nature large quantities of methyl alcohol 
are produced to supply industrial demands In the field of pamts 
and varnishes it is a solvent for shellacs and resms Considerable 
quantities are used as antifreeze 

Ethyl alcohol is produced by fermentation of sugars which in 
turn frequently come from the hydrolysis of starch Barley and 
com have long been used to supply starch for this purpose This 
has resulted m the name gram alcohol for ethyl alcohol Thus, 
glucose sugar in the presence of yeast which supplies the enzyme 
called zymase is fermented to give ethyl alcohol and carbon dioxide 

Zjrmoj* 

CeHioOe ^iCjHsOH + 2 CO- 

Gluccie Ethyl alcohol 

Glucose can be obtamed by hydrolyzing most vaneties of starch 
Much of the industnal ethyl alcohol produced m this country 
comes from fermentation of the sugars present in molasses, the 
latter a by product from the refining of sugar 
Another important present day source of ethyl alcohol is its 
synthesis from ethylene GHz - GHz, an unsaturated hydrocarbon 
which IS formed in the cracking of petroleum oil Notice that the 
molecular formulas for ethylene and ethyl alcohol differ by HzO 
Ethylene does not add water directly to give ethyl alcohol, yet 
chemists have learned how to accompbsh this mdirectly, and very 
efficiently 

In scientific nomenclature ethyl alcohol is called ethanol This 
alcohol IS a colorless liquid which boils at 78° C , and like methyl 
alcohol it IS soluble m water m all proportions 
Ethanol is the alcohol which is present in alcoholic beverages 
In these the per cent of alcohol by volume ranges from 3 to 4 per 
cent in beer to as high as 55 per cent in whisky and brandy In the 
body, ethyl alcohol is guickly absorbed without digestion and then 
oxidized to carbon dioxide and water with the production of seven 
Calones of heat energy for each gram of alcohol While controlled 
amounts of ethyl alcohol are valuable medicmally as a stimulant 
m conditions of shock and collapse, it is a scientific fact that exces 
sive use of alcoholic beverages has highly imdesirable effects 
Initially it produces an increase in respiration and a rise in blood 
pressure, but shortly there follows a drop below normal Taken 
internally m large amounts ethyl alcohol causes impaument of 
mental processes and a loss of muscular coordmation Any mdi 
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vidual in such a state who is dnvmg an automobile becomes a 
potential killer It is well known that contmued unrestricted use 
of ethyl alcohol leads to chrome al<»hohsm 


ETHYL ALCOHOL IN BEVERAGES 


Distilled (40 to 60 per cent Alcohol) 

UndisUUed (3 to 10 per cent Alcohol) 

Brandy from wine 

Whiskey* boxa fermented malt solution 

Rum from fermented molasses 

Gin from whiskey flavored with jumper 

Beer from fermented malt and hops 
Ale from fermented malt and hops 
Wine from fermented fruit juice 
Added alcohol makes fortified 
wines as port (15 18%) and 
sherry (lS-21%) 


* Whukey 2«a<faUUl]^«obt^«driromerallMt^•t2uv«beenf^cund Into meal mued 
with water and malted grains cooked to a maab yeast added and then fenseoted for 
72 faoun 


Ethanol w &0 to 70 per cent concentration is a disinfectant 
widely used in hospitals for surface application Jt destroys 
organisms by coagulating protoplasm Preparations known as 
tinctures and spmts contain this alcohol as the solvent Denatured 
alcohol IS made by adding to ethanol small quantities of substances 
which render it unsuitable for drmking Certain types of denatured 
alcohol are used externally as rubbmg liquids however, isopropyl 
alcohol has been supplantmg ethyl alcohol for this use 

Second to water, ethanol is the most widely used of all solvents 
It IS also an important starting material for raanufacturmg other 
organic compoxmds 

Polyhydric Alcohols 

Compounds which have two alcohol groups in their molecules 
are known as glycols The simplest and most important of these is 
ethylene giycal, which is a pnmary alcohol tmoe over It has a 
relatively high boiling pomt of 197® C and is soluble m water m 
all proportions Ethylene glycol has wide usage as a permanent 
antifreeze for automobile radiators and is sold for this purpose 
under such trade names as Prestone and Zerex Ethylene is the 
startmg material for the preparation of this dihydne alcohol 
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H 


H 

1 

H~C— OH 

1 

1 

^ C QH 

1 

^ Q QH 

1 

H— C— OH 

1 

t 

H—C— OH 

1 

1 

H 

1 

H 

Ethylene glycol 

Glycerol 

CjH*(OHla 

CsHstOHIs 


Glycerol is a trihydnc alcohol as evidenced by its structural 
formula Important sources of glycerol are the animal and vege 
table fats and oils In the manufacture of soap these natural fats 
and oils are saponified, and glycerol appears as a by-product More 
recently, methods have been perfected for synthesizmg glycerol 
from propylene, CHa— -CH^CHj 

Glycerol is a clear viscous hquid of sweet taste It is hygroscopic 
and soluble m water Since glycerol is nontoxic it may be used as 
a solvent in the preparation of c^rtam medicines, and its nontoxic 
character coupled with the fact that it is hygroscopic accounts for 
its wide usage m lotions and other cosmetics Nitroglycenne, one 
of the important explosives, is made by reactmg glycerol with 
nitnc acid Inasmuch as this substance is an ester of glycerol it is 
more correctly called glyceryl trinitrate Dynamite contains 
glyceryl trinitrate 

SELF-TESTING QUESTIONS 

1 Name four fundamental types of organic compounds which contain 

carbon hydrogen and oxygen 

2 What IS an alcohoP 

3 How are the saturated monobydnc alcohols classified*^ 

4 What IS produced when the primary alcohol is oxidized with an aqueous 

oxidizer’ What is formed from the secondary alcohoP 

5 In what chemical characteristic does the tertiary alcohol differ from the 

primary and the secondary’ 

6 Compare and contrast the physical properties of the lower and the 

higher alcohols 

7 What 13 the physiological effect of small amounts of grain alcohol’ of 

large amounts’ 

8 Why is methyl alcohol more poisonous than ethyl alcohol’ 

9 What are glycols’ What is the simplest one’ 

10 Are alcohols bases’ How does the alcohol differ from the inorgamc 

base’ 
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11 What IS the nature of a homologous senes of compounds'^ 

12 Which 13 correct n Propyl and isopropyl alcohols are isomers or are 

homologues"^ 

13 What is the most irojjortant source of industrial methyl alcohoP 

14 What two methods of preparation provide industnal ethyl alcohoP 

15 Why is glycerol an important ingredient in many brands of hand lotion'^ 


II. THE ALDEHYDES 
Nature of Aldehydes: 

We have learned that the aldehydes are the first oxidation 
products of the primary alcohols, and this is an important method 
for their preparation The following table gives the first few 
members m the homologous senes of aldehydes 


ALDEHYDES 


Name 

Formula 

Number of 
Structurea 

Formaldehyde 

HCHO 

1 

Acetaldehyde 

CHsCHO 

1 

Propionaldehyde 

CHjCHjCHO 

1 

Butyraldehydes 

CjHrCHO 

2 

etc 




H 

I 

All aldehydes possess the — C=0 structure, commonly known as 
the aldehyde group The general formula for the aldehydes becomes 
H 

! 

R — C=0, where R is hydrogen m the case of formaldehyde, but a 
hydrocarbon radical for all others Notice that two butyraldehydes 
exist, one is called n-butyraldehyde and its isomer is known as 
isobutyraldehyde It is suggested that the reader wnte the struc- 
tural formulas for these two compounds 

The Oxidalion of Aldehydes: 

In discussmg the oxidation of primary alcohols it was shown that 
aldehydes are easily oxidized to give carboxylic acids, hence, alde- 
hydes are reducmg agents 
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H O 

1 O II 

R— C=0 R— C— OH 

Aldehyde Carboxyl e ae d 

Aldehydes will reduce cupnc ion (Cu++) to cuprous ion (Cu+) 
Fehlmg’s solution and Benedict’s solution both provide cupnc 
copper, m the form of cupnc hydroxide, for this kind of reaction 
Ordmanly cupnc hydroxide is insoluble, but the solutions just 
named contain tartrates and citrates which are effective in pre 
ventmg the separation of Cu(OH )2 The behavior of either one of 
these solutions is shown m the following equation 

H O 

I II 

R— C=0 + 2 Cu(OH)2-+ R— C— oh + CuaO + 2 HoO 

Blue color Yellow orange 

>9 red color 

Both Fehlmg’s and Benedict’s solutions have a clear blue color A 
positive test is recognized by the formation of insoluble cuprous 
oxide, red in color Notice that as the aldehyde is oxidized to the 
acid the cupnc copper in the reagent is reduced in valence from +2 
to +1 m CU 2 O Fehlmg’s reagent is prepared as two separate 
solutions to be mixed just before use Benedict’s reagent is a single 
solution, hence more convenient to use, and this fact together with 
its somewhat greater sensitivity makes it the preferred reagent 
The sugar glucose (blood sugar) contains an aldehyde group and 
therefore gives a positive response with Fehlmg’s and Benedict’s 
solutions This provides a simple rapid clinical test for blood 
sugar in the unne 

Similarly, aldehydes will reduce silver ions to metallic silver 
Tollen’s reagent contains a compound of silver which provides 
silver ions for this type of test The following equation expresses 
the essentials of this reaction 

H O 

1 II 

R— C=0 + AgsO R— C— OH + 2 Ag 

By proper techniques the silver metal can be deposited on the 
sides of the container as a silver mirror 

The above reactions may be used to differentiate aldehydes from 
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ketones The ketones are sufficiently resistant to oxidation to be 
unaffected by these reagents 

Polymers from Aldehydes 

In addition to being excdlent ot^anic reducing agents the aide 
hydes form polymers When a water solution of formaldehyde is 
treated with a trace of sulflinc acid and then evaporated to dryness 
a sohd residue appears The aolid is a polymer of the aldehyde 
which contains from ten to as many as one hundred molecules 
linked together mto one large molecule It is known as paraformal 
dehyde, and smce it releases formaldehyde vapors when heated it 
13 used m the form of candles and in lamps for disinfecting purposes 
There are also other polymers of formaldehyde 

Acetaldehyde under the catalytic influence of sulfuric acid 
polymerizes to a liquid called paraldehyde This substance is con 
structed from three molecules of the aldehyde and is designated 
by the formula (CHsCHOls Paraldehyde has medicinal value as 
a soporific 

Polymenzation is not confined to the two aldehydes just con 
sidered, but rather it is a general behavior of this class of compounds 

Two Important Aldehydes 

Formaldehyde and acetaldehyde the first two members in the 
senes of saturated abphatic aldehydes are sufficiently important 
to be discussed further 

Formaldehyde can be prepared by the controlled oxidation of 
methyl alcohol At room conditions this aldehyde is a gas which 
possesses a sharp penetrating odor The water solution which con 
tains 37 to 40 per cent of formaldehyde is known as formalin This 
solution hardens tissue by coagulating the protein and for this 
reason it is used as a preservative for biological specimens 

The reaction of formaldehyde with ammonia givM a sobd com 
pound called urotropme, (CHal^N^ Urotropme is stable m the 
presence of alkalies, but it decomposes in aad media to produce 
formaldehyde For many years it has been an important unnary 
antiseptic, but recently sulfa drugs have to some extent replaced it 

Acetaldehyde is the first oxidation product from ethyl alcohol 
Another source is synthesis from acetylene Acetaldehyde is a 
liquid of sharp odor which boils at 21* C , just slightly below usual 
room temperature 

Chlorine reacts with acetaldehyde m a substitution type of re 
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action to give chloral, an oily liquid With water, chloral forms a 
white solid, chloral hydrate This substance is a powerful hypnotic, 
added to alcoholic beverages it constitutes the so called knockout 
drops 

H H 

I I 

CH3C=0 + 3 Cb-^ CCbC^O + 3 HCI 

Acelatdehyde Chloral 

SELF-TESTING QUESTIONS 

16 What are the steps in the oxidation of the primary alcohoP 

17 What characteristic group is found in all aldehydes’’ 

18 Why IS the Benedict test of climcal importance*’ 

19 How IS it possible to distinguish between aldehydes and ketones*’ 

20 What are the properties and uses of formaldehyde*’ 

21 What are the properties and uses of acetaldehyde*’ 

22 What IS produced when an aldehyde is oxidized’ 

23 What IS an important substitution product of acetaldehyde*’ For what 

13 it used*’ 

24 In what way is formaldehyde related to paraformaldehyde’ 

25 Embaloung fluids contain formaldehyde Why is this’ 


(II. THE KETONES 


The Structure and Nature of Ketones: 


The ketones are oxidation products of the secondary alcohols 
and conform to the type formula R — C — R' Several of the first 

II 

O 


members m the senes are given m the table Notice that the ketones 
are commonly named by designatmg the two hydrocarbon radicals 

which are attached to the ^C=0 group, known as the carbonyl 


KETONES 


Name 

Condensed Structural Formula 

Dimethyl ketone 

CHjCOCHs 

Methyl ethyl ketone 

CHsCOCsHs 

Diethyl ketone 

CxHsCOCzHs ) 

Methyl n propyl ketone 

CH 3 COCH 2 CH 2 CH 3 >isomer 3 

Methyl isopropyl ketone 

CHsC0CH(CH3)2 ) 

etc 
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group This same group is fouiul a3so m the aldehydes, where at 
least one of the attached factora must be a hydrogen atom (In 
formaldehyde both attachments to the carbonyl are hydrogen 
atoms ) In the ketones the carbonyl always carries two hydro 
carbon radicals which may be the same (simple ketones) or different 
(mixed ketones) 

The ketones are far less reactive than the aldehydes They are 
sufficiently resistant to oxidation to be unaffected by Fehlmg’s and 
Benedict’s reagents 'Hus difference m reactivity of aldehydes 
and ketones is due primarily to the fact that in the ketones there 
IS no hydrogen attached to the carbonyl group When ketones are 
oxidized by powerful oxidizers the carbon chain is broken and 
carboxylic acids with fewer carbon atoms are formed * 

An Important Ketone 

The most important ketone is the simplest one, dimethyl ketone, 
better known as acetone The oxidation of isopropyl alcohol pro 
duces this compound Acetone is a volatile liquid with a boiling 
point of 56* C It IS readily soluble in water Industrially this 
ketone is one of the important solvents, particularly suitable for 
dissolving fats oils resins, and gums Adhesive tape can be 
removed with acetone 

It IS mterestmg to note that acetone is normally present m the 
blood m very small amounts Larger quantities of acetone in the 
blood and urine are indicative of a faulty fat metabolism This 
may be evidenced as diabetes mellitus (sugar diabetes) In severe 
cases of this affliction the amount of acetone produced is sufficient 
for its detection in the breath and the unne by reason of its charac 
tenstic sweetish odor 

SELF-TESTING QUESTIONS 

26 How does the ketone diOer Ijoin the aldehyde in structure'^ 

27 What IS the carbonyl group? Do both aldehydes and ketones contain 
this group"’ 

23 How IS the ketone related to the secondojy alcoboP 

29 How do aldehydes and ketonea compare in ease of oxidation^ 

30 What IS the structural formula for acetone"’ Why is it the simplest 
possible ketone"’ 

CHa^CO-^CHrfCOOH + H 2 COi Oxidation of a ketone breaks the 
carbon chain next to the carbonyl group 
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IV. THE ETHERS 

Nature of Ethers: 

Because of the presence of the hydroxyl group m the alcohol xt 
becomes possible to Imk together two alcohol molecules by dehydra 
tion (loss of water) and form new structures called ethers There 
are many ethers, yet all of them are based on the type formula 
R — O — They may therefore be looked upon as oxides of an 
organic character In theory an ether may be viewed as the result 
of replacmg the hydrogen of the — OH group of the alcohol by an 
R group, or as the result of replacmg both hydrogens of the water 
molecule with R groups 

The accompanying table gives names and formulas for a number 
of the lower molecular weight ethers 


ETHERS 


Name 

Condensed Structure 

Dimethyl ether 

CH>— 0— CHs 

Methyl ethyl ether 

CHa— 0— CHaCHs 

Diethyl ether 

CH 3 CH 2 — 0— CH aCH a ) 

Methyl n propyl ether 

CHs— 0 — CHiCHzCHafisomera 

Methyl isopropyl ether 
etc 

CHa— 0 — CH(CH3)2 ) 


The last three ethers listed in the table are isomers, all have the 
same molecular formula, C 4 H 10 O Those ethers which have the 
same radical for R and R' are classified as simple ethers When 
different radicals are attached to the oxygen the substance is a 
mixed ether Notice that two simple and three mixed ethers appear 
m the table The characteristic linkage m the ether molecule is 
C— 0— c 

Ethers are but slightly soluble m water, and the solubility 
cfecreases rapicfi’y wictfi mcreasuxg moifecafar wergAt Ethyl etAer 
(diethyl ether) is soluble m water to the extent of only about 7 
per cent, it is a highly volatile hquid which boils at 35® C , a tem 
perature not far above room temperature, and actually below that 
of the body 

Preparation and Properties of Ethyl Ether* 

Diethyl ether, ordmanly called ethyl ether or simply ether, is 
the most important It can be prepared quite efficiently from 
ethyl alcohol by reaction with sulfunc aad 
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(1) CsHsOH + HjSOi-^C.HsOSOaH + H^O 

( 2 ) C2H5OSO3H + C2H,0H -y C-Hs— O— C2H6 + H-S04 

The equations describe the two steps in the process An inspection 
of these equations shows that the net result is the elimination of a 
molecule of water from two molecules of ethyl alcohol 


C-H^OH 


-+ (C2H5)20 + H^O 

C2H OH 


The function of the sulfunc acid is to accomplish this type of 
dehydration 

Chemically the ethers are quite inert For example, they fail to 
react with sodium metal, aqueous oxidizers, strong alkalies, and 
cold mineral acids However, ethers are combustible, the lower 
molecular weight ones are highly flammable, and their vapors form 
explosive mixtures with air Tins inherent danger must be kept 
m mmd when using ethyl ether for solvent purposes, or as an 
anesthetic 

Although ethyl ether is known to most people simply as ether 
the student of chemistry flnds that it is but one of many com 
pounds classified as ethers Ethyl ether and isopropyl ether in 
particular are widely used as solvents or extractives for fats, oils 
resins, etc However, their volatility, flammability, and explosive 
ness when mixed with air make th^ ethers, and the other lower 
members of the senes, exceedmgly hazardous to work with 

Of all the anesthetics, ether requires less skill in its administration 
and its margin of safety is greater It is slower in its action, but 
more lasting in its efi’ects, and causes a greater relaxation of the 
muscles than does nitrous oxide ddomfoma, or ethylene More- 
over, (funng ether anesthesia the pufse, respiration, and bfood 
pressure of the patient remain normal or slightly above TTie 
occasional nausea of the patient and the irritating action on the 
kidneys and respiratory system are the mam objections to its use 
To a considerable extent ether has been replaced by more pleasant 
anesthetics such as nitrous oxide oxygen and ethylene oxygen, and 
others Ether for anesthesia is marketed m speaal contamers 
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Fig. S'— The Comforting Oblivion of Aneilhetia. A turgleol operation prior to 
the latter holf of the 19th century woj a horrible ordeol. Whot oneithetie could 
be given by the obove method? Ceurfeiy, PorJce, Dovu & Co., N. Y. C. 


Anesihelicst 

Thus far a number of relatively simple compounds have been 
studied which have value as anesthetics. Choice is governed by a 
number of factors; nature of the surgery and the physical condition 
and tolerances of the patient are of course of primary consideration. 
On occasions it is desirable to start anesthesia with one substance, 
or combination of substances, and then later to change over to 
others. Thus vinyl ether, called Vinethene, is at times used as an 
induction agent in general anesthesia prior to ethyl ether. 

The anesthetics listed in the table on page 304 are with one 
exception organic compounds. 

SELF-TESTING QUESTIONS 

31. How does the structure of an ether compare with that of an alcohol? 

of water? 

32. How does a simple ether diSer from a mixed ether? 

33. What is the method of preparation for ethyl ether? 

34. What are the important uses of ctl^l ether? 

35. Why are the lower ethers dangerous to work with? 

36 What are the advantages and the disadvantages of ethyl ether as an 
anesthetic? 
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37 Which compound given m the table of anesthetics »s not organic"^ 

38 Why can ethers be called hydrocarbon oxides'^ 

39 Are diethyl ether and methyl n propyl ether homologues'^ are they 

isomers'^ 

40 How does ethyl ether compare with ethyl alcohol in water solubility"’ 


SOME ANESTHETICS 


Name 

Formula 

Remarks 

Chloroform 

CHCls 

Nonflammable and nommtating 
Has gradually been replaced by 
others 

Cyclopropane 

GsHe 

General inhalation anesthetic 
Quick acting nommtatmg no 
ill after effects 

Ethyl chloride 

GHaCH,Cl 

Local anesthetic rapid evapora 
tion freezes tissue Not often 
used as an inhalation anesthetic 

Ethylene 

CH,-CH» 

Excellent muscular relaxation 
rapid recovery 

Ethyl ether 

CjH.OCjHs 

See discussion elsewhere in this 
section 

Nitrous oxide 

NaO 

Used m dentistry and minor 
surgery 

Vinyl ether 

CHj-CHOCH-CHa 

Convenient for ehort anesthesia 
' May be used wi th NaOand with 

ethylene for better relaxation. 


SUGGESTED ACTIVITIES 

I Thought Provojowc Questions 

1 Why IS formaldehyde a more powerful reducing agent than acetone"’ 

2 Why do some sugars act in the capacity of reducing agents"’ 

3 Why IS gram alcohol used extensively by the pharmacist? 

4 What significance is attached to excessive acetone in the unne"’ 

5 Why IS formic acid easily oxidized whereas acetic aad is not’ 

6 Do all types of alcohols give carboxylic acids when treated with 

sqtxeoas oxidizing agents'* Discuss 

7 How do ethers compare in chemical activity with (1) aldehydes 

(2) ketones (3) saturated hydrocarbons’’ 

8 How do you account for the fact that continued use of acetone to 

remove liquid nail polish causes the naib to become brittle’’ 

9 Under what conditions is ethanol considered to be a poison? 

10 When aldehydes arc made by oxidizing primary alcohols why must 
they quickly be removed from the presence of the oxidizer"* 




The Alcohols, Aldehydes, Ketones, and Ethers 


305 


II Vocabulary Testing op New Terms 
alcohol ketone 

primary alcohol carboxylic acid 

secondary alcohol polymenzation 

tertiary alcohol carbonyl 

carbonyl mixed ether 

ether simple ether 


polyhydnc alcohol 
ethereal salts 


formalin 

aldehyde 

induction anesthetic 


III Topics for Oral or Written Reports 

1 The Physiological Effects of Ethyl Alcohol 

2 General Anesthesia 

3 Industrial Uses of Alcohols 

4 Climcal Testing for Blood Sugar 


LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found on page 714 
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THE CARBOXYLIC ACIDS AND THEIR SALTS 
AND ESTERS. SOME CYCLIC COMPOUNDS 


CHAPTER OUTLINE 


I Carboxylic Acids 

(a) General characteristics of car- 

boxybc acids 

(b) Chemical properties of carbox 

ybc acids 

(c) Formic and acetic aads 

(d) Polybasic carboxybc acids Hy* 

droxy acids 
II Esters 

(a) The nature of esters 


(b) Chemical reactions 

III Aromatic Compounds 

(a) The aromatic nng 

(b) Some typical aromatic com 
pounds 

Heterocyclic Compounds 

(a) The heterocycbc nng 

(b) Some heterocycbc compounds 


I. CARBOXYLIC ACIDS 
General Characteristics of Carboxylic Acids: 

In the preceding chapter it was shown that the oxidation of a 
primary alcohol produces first an aldehyde, and that the aldehyde 
in turn is readily oxidized to a carboxylic acid. Using 0 to indicate 
oxygen from an aqueous oxidizing agent, for example, potassium 
dichromate solution acidified with sulfuric acid, the following 
formulas picture the steps in the formation of acetic acid from 
ethyl alcohol: 

O O 

o II o II 

CH3CH2OH -> CHsC— H CH3C— OH 

Ethyl alcohol Acetaldehyde Acetic acid 


From this it should be apparent that carboxylic acids can be made 
by the oxidatiau. of primary almhota or aldah-vdsa aa tha atartio^ 
materials. Usually the alcohol is the more available. 

The general formula for monobasic carboxylic acids, known also 
O O 

!l II 

as fatty acids, is R — C— OH. The — C — OH group, which is the 
characteristic structural features of all carboxylic acids, is called 
the carboxyl group. As will become apparent, the properties of the 
carboxybc acids stem largely from this group. 
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The table gives the names for the first several members in the 
senes of saturated aliphatic acids which have one carboxyl group 
per molecule 

ALIPHATIC MONOBASIC CARBOXYLIC ACIDS 


Name 

Formula 

Possible Structures 

Formjc acid 

HCOOH 

1 

Acetic acid 

CHaCOOH 

1 

Propionic Bad 

CHsCH*COOH 1 

1 

Butync acida , 

CaH7COOH j 

2 

Valenc acida I 

etc 1 

C^H.COOH 1 

4 


Note from the table that, beginnmg with the butync acids, 
isomen«m becomes a charactenslic of this homologous senes The 
two butync acids are identified by the following structural formulas 
and names 


H H H O 

1 1 1 11 

H«-C— C— C— C— OH 

I I ( 


H H H 

CH»CHjCH2COOH 
n Bvfryle add 


H H O 

1 I II 

H-C— C— C— OH 


H-C-H 

I 


In this senes of acids the first members are clear liquids, those 
above rune carbon atoms of normal chain structure are solids Two 
higher members of this senes, not given in the table, are palmitic 
and stearic acids, formulas CjsHatCOOH and CitHssCOOH, 
respectively These two solid acids are found m the structures of 
many animal and vegetable fats and ods m the form of glyceryl 
esters 

The lower fatty acids are annpletely soluble on water, but start 
mg with the valeric acids solubility m water decreases rapidly with 
mcreasmg molecular weight Formic, acetic, and propionic acids 
have sharp odors Begmnmg with the butync acids those which 
are suflaciently volatile have extremely disagreeable odors The 
odor of rancid butter is due to free butync acid 
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Chemical Properties of Carboxylic Acids: 

The carboxylic acids vary somewhat m strength, but in general 
they are classified as weak acids This means that the water 
soluble ones dissociate only to a small degree to give hydrogen 
ions (Recall that the strength of an acid is measured in terms of 
its dissociation to provide free hydrogen ions ) Acetic acid, for 
example, m a 5 per cent aqueous concentration, is ionized to the 
extent of about 1 5 per cent Notice that in the lomc dissociation 

O O 

II II 

CHaC— OH^ (CHaC— 0>- + H+ 

Aeet e acid Acetole Ion Hydrogen 

the hydrogen ion comes from the carboxyl group of the acid, other 
hydrogens present m the molecule are not the source of hydrogen 
ions While the carboxylic acids are relatively weak, they are 
nevertheless stronger than carbonic acid Solutions of the soluble 
carboxyhc acids have the characteristic sour taste and redden blue 
litmus paper 

Carboxylic aads, excepting formic, are quite resistant to oxida 
tion by aqueous oxidizers Formic aad is very easily oxidized An 
examination of its structure shows that unlike its homologues this 
aad has a hydrogen atom attached directly to the carboxyl radical, 
hence, formic acid possesses the character of an aldehyde as well 
as that of the carboxylic acid 


Aldehyde' * \ Acid 


o 

o II 

^ HO — C — OH^ CO2 “b H2O 

Carbone a^d 
(Unstable) 

A t 5 q)ical reaction of carboxylic acids is salt formation "nus can 
be accomplished by treatmg the aad with a base in a neutralization 
type of reaction In this manner, sodium acetate can be made from 
acetic acid 


O 

II 

H— C— OH 

Formic acid 
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o o 

li II 

CHsC— OH + NaOH -¥ CHjC— ONa + HoO 

A<ellc odd Sodium acetate 

(o loluble toll) 

Many of the salts of carboxyhc aads are water soluble and highly 
ionized, hence strong electrolytes Some have value m medicine 
The table on page 312 gives names, formulas, and uses for a 
number of typical salts derived from organic acids 

Carboxylic acids react with alcohols to give a class of compounds 
known as organic esters A well known liquid ester is ethyl acetate, 
prepared from ethyl alcohol and acebc acid This type of reaction 
shows some similarity to inorganic reactions of neutralization, and 
accounts for the older name, ethereal salt, for the ester 

o o 

il jl 

CH3C— OH + C2HSOH CHjC— OC2H5 + H.o 

Acelcedd Ethyl otcoSol Ethyl ocriot* 

The preparation of an ester in this manner illustrates a type of 
organic reaction which does not go to completion, but instead 
reaches a point of chemical equilibrium When ethyl alcohol and 
acetic acid are brought together m equal molar quantities the 
equilibrium is established after about two thirds of each has re 
acted In order to get the reaction to progress further in the 
direction of completion, 1 e , ester formation, something must be 
done to "upset” the ester equilibrium for example, the contmuous 
removal of the water or the ester from the reaction mixture 
Reactions which attain equilibnum, and therefore do not go to 
completion, are frequently encountered in organic chemistry More 
will be mentioned about esters m a later section, notice, however, 
that this type of reaction can be written in terms of general formulas 
o o 

II II 

R— C— OH + R'OH ^ R— C— OR' + H.O 

Corboxyl'c act'd' Alcoliof £tl«r 

Formic and Acetic Acids 

Formic acid is somewhat stronger Uian its homologues It is a 
clear liquid which boils at 101® C Contact of this acid with the 
skm causes blisters, the stingmg sensation and blistering which 
result from the bites of insects sudi as bees mosquitos, and ants is 
due to the injection of formic acid through the skm The irritation 



311 


Tfte Carboxylic Adds and tb^ir Satts and Esters 

can be relieved by washing the affected area with soap or dilute 
ammonia water to neutralize the acid In industry, formic acid is 
employed m processes for dyeing textiles, and for removing hair 
from ludes 

Acetic acid is the acid of vmegar Cidar vinegar is produced by 
air oxidation of the ethyl alcohol which ^ present m "hard” cider 

O 

Kaderlum ac«t {| 

CH3CH2OH + O3 > CHsC— OH + H2O 

Vinegar contains from 4 to 5 per cent of acetic acid 

Glacial acetic acid is practically free from water and approxi 
mately 99 5 per cent pure CH 3 COOH It is so called because it 
freezes to an ice like solid at 16 7® C This acid is imdoubtedly the 
best known and most widely used of the carboxylic acids In 
industry it has value as a solvent and as a starting material for 
synthesizing numerous other oi^anic compounds 

Polybasie Carboxylic Acids. Hydroxy Acids* 

The organic acids dealt with thus far have contamed one carboxyl 
group and hence one lonizable hydrogen m the molecule There are 
some acids which have two carboxyl groups in the molecule, some 
with three, etc Oxalic acid, with two carboxyl groups, is a dibasic 
acid, and citnc aad, with three carboxyl groups, is tnbasic 
The hydroxy acids mclude monobasic and polybasie carboxylic 
acids which also contam one or more hydroxyl groups m the mole 
cule A number of the fruit acids are hydroxy acids For the most 
part the hydroxy acids exhibit a chemiral behavior which is charac- 
teristic of the carboxyl group and of the type of alcohol structure 
which is present 

FoUowmg are the names and structures for a few polybasie and 
hydroxy acids While the student may not be expected to write 
some of these more complex structures, it should be realized that 
those which appear here are important ones 

0=c— OH 

I 

0 =C— OH CH3 H— C— OH CH2COOH 

III! 

0 =C— OH H— C— H H—C— OH H— C—OH HO— C— COOH 

I ! I I I 

0=c— OH 0=C— OH 0=C— OH 0=C— OH CH 2 COOH 

Oxalic odd Malon c odd LocHc odd Tartar e oad Citric oc d 

(d boj cl (d basic) (monobydroxy (d hydroxy (monohydroxy 

monobotk) d bas c) tribasic) 
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Oxalic acid is a white crystalline, water soluble solid, actual 
composition (COOH)2 2 U 3 O, hence a dihydrate It is the strongest 
of the carboxylic acids, and this property must be observed m 
usmg it Oxalic acid occurs in nature m the form of salts m certain 
plants, for example, rhubarb and sorrel Like other dibasic aads it 
forms two series of salts, 1 e , acid salts and normal salts 
Lactic aad is produced wh«» milk sours, it is found also in 
sauerkraut We shall learn later that lactic acid plays a role m 
metabolism, and that it is a normal constituent of muscle tissue 
Citric and tartanc acids are important fruit acids, and the former, 
as its name implies, is found m citrus fruits Tartanc acid, free and 
also in the form of salts, occurs in grapes, and in the deposits which 
form in wine casks 

The accompanying table presents some of the typical salts of a 
number of organic acids 


SALTS OF CARBOXYLIC ACIDS 


Name 

FormiUa 

Uses 

Calcium lactate 

(CH3CHOHCOO).Ca 

Medicinally for calcium 
defioency 

Calcium propionate ^ 

{CH,CH»COO)»Ca , 

Prevention of molding of 
bread 

Lead acetate 

(CHsCOO),Pb 

Treating poison ivy, akin 
rashes 

Magnesium citrate 

MgaCCeHsOr), 

Salme purgative 

Fotaasium acid 
tartrate 

(cream of tartar) 

KH C4H«0» 

Thrtrate baking powders 

1 

Sodium citrate 

1 NasCsHsOr 

Prevention of blood clot 
ting in tramfusions 

Zinc stearate 

(Ci7HssCOO)3Zn 

Dusting powders ouit 
jsents 


The ammo acids are substituted carboxylic acids Because of 
their dose association with proteins the ammo acids are more 
profitably discussed m a later chapter 


SELF'TESTING QUESTIONS 

1 What 13 the name and the structure of the charactenstic group of a 

carboxylic acid’ 

2 How do organic acids compare with inorganic acids in respect to loniza 

tion and acid properties’ 
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3 What are three important chemical properties of carboxylic acids'’ 

4 Which carboxylic acids are of outstanding importance’’ Why’’ 

5 What are three important hydros acids’’ How many carboxyl groups 

does each contain’ 

6 How does oxalic acid compare in strength with other carboxylic acids’’ 

What must be true about its ionisation’ 

7 Which salts of organic acids have use in medicine’’ In what way’’ 

8 How would you proceed to make calcium lactate by a neutralization 

method’’ 


II. ESTERS 

The Nature of Esters: 

In discussing the carboxylic acids it was pointed out that the 
esters have the general formula RCOOR' For those esters which 
are denved from formic aad the first R m the generalized formula 
IS a hydrogen atom For all other ^ters both R and R' are hydro 
carbon radicals 


SOME ESTERS 


Name 

Formula 

Methyl formate 

0 

H— li— O— CHi 

Methyl acetate 

o 

CHs— i— 0— CHs 

Ethyl acetate 

0 

CHs— O— CHsCHs 

Methyl propionate 

0 

CHaCHjj— 4— O— CHa 

n Propyl acetate 

0 

CHa— O— CHgCHzCHa 

etc 



The most used method for the preparation of the ester is by 
direct reaction between the carboxylic acid and the alcohol This 
approach is termed esterification A trace of sulfuric acid is often 
used to catalyze the process, larger amounts of sulfuric acid absorb 
the water produced, and shift the equilibnum in the direction of 
ester formation In the equations which follow for esterification 
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the first one xs m general terms Observe how this then applies 
specifically to the synthesis of n propyl acetate 

o o 

li « 

R— C— OH + R'OH 7 ^ R— C— O— R' + H 20 

Add Alcohol Etier 

o o 

II 11 

CHa— C— OH + CH3CH2CH2OH pi CHaC— O— CH2CH2CH3 + H2O 

Acetic odd n Propyl olcohol n Propyl ocetote 

Nucnerous esters are found in nature and they account for the 
fragrant odors of many flowers and fruits Their pleasant odors 
make them valuable for use m perfumery and m the preparation 
of synthetic flavorings Some esters, for example, ethyl acetate 
and butyl acetate, are unportant solvents m lacquers Finger nail 
pobsh illustrates such a use 


ODORS OF ESTERS 


Name 

Formulc 

Odor 

Amyl acetate 

\ 0 

CHjI!:— 0— (CHalcCHj 

Apncot 

Amyl butyrate 

i 0 

CHa(CH,)sl!:— 0 — (CH,)cCH, 

Pear 

Ethyl butyrate 

1 0 

CH s (CHa) li!;— 0— CH a CH 3 

Pineapple 

Ethyl formate 

1 0 

hS— 0 — CHaCHa 

Rum 

laoamyl acetate 

i 0 

CHsIj— 0— (CHi) 3 CH(CH 3)2 

Banana 

Octyl acetate 

' 0 

j CHal;— 0— (CHaliCHs 

1 Orange 


Chemical Reactions 

Esters are essentially netural compounds and they are not as 
reactive as the acids and alcohols &om which they are prepared 
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Two rather closely related reactions of esters will be considered, 
these are hydrolysis and saponification In hydrolysis the ester 
reacts with water to give a carboxylic acid and an alcohol Hydrol 
ysis reactions are usually promoted by use of acids, bases, enzymes, 
etc , as catalysts Notice that the hydrolysis of the ester is just 

O O 

11 II 

R— C— O— R' + HOH R— C— OH + R'OH 

Eiler Ac d Alcohol 

the opposite of its preparation via esterification, and results in an 
equilibrium 

The saponification of an ester is earned out by the use of strong 
aqueous alkali, for example, sodium hydroxide solution Reactions 
of saponification go to completion Tlie equation for the sapomfica 
tion of ethyl acetate follows 

O O 

1 ) 1 ) 

CH3C—OC2HS + NoOH -4 CHaC—ONo + CaHsOH 

Ethyl ac«t«t« Alhotl Sod im actlote Ethyl oteohol 

The discussion of animal and vegetable fats and oils, which are 
esters of glycerol and higher fatty ands, is presented m a later 
chapter The waxes which are secretions from many plants and 
animals are also esters Beeswax from bees spermaceti from the 
sperm whale, and lanolin from wool are three important waxes 

SELMESTING QUESTIONS 

9 What are the reactants m the preparation of an ester by the process 

called estenfication"^ 

10 Does the reaction for ester preparation via estenfication go to 

completion'’ 

11 What IS the nature of a reversible reaction^ What is true when such a 

reaction is at a state of equilibrium^ 

12 In the preparation of an ester &om an alcohol and a carboxylic acid 

why does the removal of water up^t the equilibrium'’ 

13 What IS noteworthy about the odors of esters’’ What value do esters 

have’ 

14 How does saponification difier firom hydrolysis’’ 

15 Write the structure for the estw, ethyl formate What other ester is 

isomenc with ethyl formate’ 
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111. AROMATIC COMPOUNDS 
The Aromatic Ring* 

We have learned that the aromatic hydrocarbons have a rmg 
or cyclic type of structure, and that the simplest of these hydro- 
carbons is benzene, CfHc The structural formula for benzene is 
as follows 


H— C 

1 

H-C 


. / 

C 

I 

H 

BenzsM 


This arrangement of six carbons m a ring, with the alternate 
single and double bonds, constitutes the so called aromatic or 
benzene nng structure In its diemistry benzene does not behave 
like a highly unsaturated compound Newer theories suggest that 
the extra pairs of electrons whidi are pictured as giving the double 
bonds are actually uniformly dispersed around the nng so that all 
SIX nng bonds, and all six carbon atoms, are equivalent The most 
characteristic reaction of the benzene nng is substitution wherein 
one or more hydrogen atoms are rep)ai»d by other atoms or groups 
of atoms 

For simplicity it is a common practice to indicate the structure 
of the benzene rmg by the use of a hexagon with the alternate 
smgle and double bonds When this notation is used it is imder- 
stood that at each comer of the hexagon there is a carbon atom. 






Monothlerobanzen* 

CsHsCI 


and that each carbon atom has a hydrogen atom attached unless 
some other atom or group has replaced the hydrogen 

Inasmuch as all six hyirogens of benzene are equivalent it makes 
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no difference which one is replaced in monosubstitution; only one 
compound can result. This is illustrated by inspection of the 
structural formula for monochlorobenzene. However, when two 
substituents appear, three isomers are possible. The following 
structural formulas for the three isomeric dichlorobenzenes illus- 


trate this; 



Cl 

Cl 

Cl 

Aci 

A 

A 

V 


U 

orihe d^dilorobeozene 

m&to dlehtorob&nzena 

Cl 

!,2 dichlorobenzene 

1 ,3*dlchlorobenzene 

poro dichlorobenzene 
1,4 dichlorobenzene 


Notice from the structures that there are three possible ways of 
placing the two substituents, in this case chlorine atoms. V^en 
the two substituents are attache! to adjacent carbon atoms the 
structure is identified as ortho, abbreviated o>. In the meta stniC' 
ture, abbreviated m*, the substituents are on carbons which are 
separated by one carbon. For the pom, abbreviated p-, the sub- 
stituents are attached to carbons which are separated fay two 
carbons. Also, instead of the use of the prefixes o-, m>, and p-, 
numbers may be used to indicate the positions occupied by sub- 
stituents. In numbering it is conventional to start with a carbon 
which carries a substituent and proceed in a clockwise direction 
around the ring. 

Some Typical Aromatic Compounds: 

A study of aromatic compounds in any detail is beyond the scope 
and intent of this textbook. However, structures are given in this 
section for a number of typical aromatic compounds. Some of 
these have medicinal value. 


H—C^ ^C— NO2 

11 1 

H— C C— H 

\ /• 

C 

I 

H 


NUrobenxene 

CeHsNO* 


H 

I 

C 

/ 

H~C C— NHa 

II I 

H— C C— H 

\ ^ 

C 


CeHsMHs 


\ . 

c 

I 

H 


C— OH 

I 

C— H 


Phenol 

(carbolic aad] 
CeH$OK 
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H 

1 

C 


o 

> /■ 

C— C— OH 

1 

C— H 


H 

Bcnioie acid 
CeMsCOOH 


CH3 

I 

c 


H-C 

II 

H-C 


C— H 

I 

C— H 


K 

t>*Creiol 

C«K((CK3)0H 


H 

I 

c o 

H— C C— C— OH 

II ) 

H— C C— OH 

\ / 

C 

I 

K 

Salicylic odd 
C«H4(OH)COOH 




-C C— C— ONa 

1 


H~C C-OH 

\ / 

C 

) 

H 

Sodium islicylat* 
CtfHcfOWCOONc 


C— C— OCoHs H— C 

I II 

C— OH H— C 


\ 


H-C 

1 ! 

H-C 


C— C— OCH3 


Methyl lelxylat* 
iolJ of wlnltrgrttn) 
CeHtlOHjCOOCHj 


1 

H 

Phenyl falicylote 
(lalol) 

C.HilOWCOOCeHs 


C— C— OH 

I 

C— O— C— CHa 
O 


I 

H 

Acetyl e>t«r of (olkylic odd 
(otpaln) 

CedetOCOCHsICOOH 


NHe 

1 

c 

/ \ 

H— C C— H 


SO2NH2 

Sulfanilamide 
(tulfa drugs ore 
derived from this 
compound) 


Phenol, cammonly called carboL'c acid, is a highly corrosive and 
toxic compound. Children have been fatally poisoned by acci- 
dentally swallowing phenol; it should never be left in unlocked 
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medicine cabinets withm reach of the very young and unwary 
When properly diluted phenol is an excellent disinfectant and anti 
septic The name carbohc acid for phenol must never be confused 
with a similar name, carbomc acid, which is a harmless solution of 
carbon dioxide in water 

Sodium sahcylate, unhke sahcyhc acid, is soluble m water This 
salt has hmited use as a food preservative, for example, m catsups 
Medicmally, sodium salicylate is used to relieve rheumatic pain 
and to reduce fever 

The acetyl ester of salicylic acid is commonly known as aspmn 
Several thousand tons are manufactured annually m the United 
States Aspinn enjoys wide usage for rehevmg pain (analgesic) 
and for reducmg fever (antipyretic) Likely its activity is due to 
the fact that m the body it hydrolyzes to give sahcyhc aad 

Phenyl salicylate, or aalol, is used as an mtestma! antiseptic, and 
also as an antipyretic and antirheumatic Methyl salicylate, also 
derived from salicyUc aad, is commonly called oil of wmtergreen 
It finds wide usage as an ingredient m liniments 

SELF-TESTING QUESTIONS 

16 What are the structural characteristics of the aromatic nng^ 

17 How many monosubstitutioD products of benzene are possible'^ Why’’ 

18 Which IS the more characteristic reaction of benzene addition or 

substitution'^ 

19 What IS the sigtuhcance of the prefixes ortho meta and para** 

20 The structure for p cresol has been given How many cresols are 

possible"^ What are the others'' 

21 How many of the structures given m this section are esters'' 

22 Lysol contains cresols For what purpose is Lysol used'' 


iV. HETEROCYCLIC COMPOUNDS 
The Heterocyclic Ring* 

Thus far the cyhc structures dealt with have been confined to 
nngs of carbon atoms These are termed carbocychcs In the 
heterocyclic compounds the ring contains in addition to carbon 
atoms one or more atoms of other elements The most important 
of these are mtrogen, oxygen and sulfur Unlike the aromatic nng 
the number of atoms constitutmg the nng of a heterocyclic need 
not be six 

Heterocychc compounds have a wide distnbution m both plants 
and flTumala HeterocycIic rmgs appear m some of the more com 
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plex moleoJes, for example, many vitamins, plant pigments, 
enzymes, alkaloids, and drugs 


Some Heterocyclic Compounds* 

The structures for a number of the illustrative heterocyclic com 
pounds follow 

H 


H— C C— H 

H-C C— H 

H— C C— H 

II il 

H-C C-H 

c 

/ \ 

H— C C— H 

(I (I 

II [( 

\ / 

11 1 

H— C C— H 

H-C C— H 

N 

H— C C— H 

\ / 

\ / 

( 

\ /■ 

S 

O 

H 

N 

Tlilaph«n« 

Fur on 

Pyrrole 

Pyrid ne 


C^HiO 

CeH»N 

CsH«N 


Each of these compounds may be viewed as a parent structure 
from which numerous derivatives are possible Thus the pyrrole 
nng appears m the hexmn of hemoglobin, and also in chlorophyll 
This same nng, m reduced form, constitutes a portion of the struc 
ture of the ammo acids prolme and hydroxyprolme Obviously 
pyrrole is a hetero rmg of considerable biological significance 
The pyndme nucleus is found in several of the alkaloids One 
of the B complex of vitamins, nicotmamide, is a derivative of 
pyndme Pyndme itself is produced m the destructive distillation 
of bones 

Some of the heterocycUcs, both natural and synthetic, contain 
two rings in the molecule 


N H 

^ \1 

H— C C H N—CHs 

, 1 ' \ 

H— C C— C CHz 

\ / I 1 

C HjC CH2 


N 

I 

H— C 


H 

I 

C 

\ 




-N— H 

I 

C— H 
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NHs 

) 

C 

/ \ 

H— C C— H 

II I 

C— H 


H— C 


C 

I 

SO; 


H S- 


I I 

N— C C- 

Sulfolh atot« 

(o Milfa drvg) 


Nicotine consists of a molecule of pyndme joined to a molecule 
of a reduced pjnrole (pyrrolidine) It is one of the simpler of the 
alkaloids, and occurs in the tobacco plant 

Purme itself is of little importance, but it has numerous important 
denvatives Caffeine and unc acid are two of the better known 
derivatives of punne Unc acid is a product of the hydrolysis of 
nucleic acids which occur in plants and animals as nucleoproteins 
Small amounts of unc acid occur m the blood as a metabolic product 

In the structure for sulfathiazole both the aromatic nng and a 
heterocyclic nng appear Other sulfa drugs have other groups of 
atoms m some instances heterocydic rings m place of the thiazole 
nng 

SELF>TESTING QUESTIONS 

23 How does the carbocyclic differ from the heterocyclic*' 

24 In what classificatioo would you place the aromatic compounds*' The 

cycloparaffins*' 

25 What elements are most mual in the heterocyclic rings'' 

26 What are some of the substances of physiological importance which 

contam heterocycbc rings*' 

SUGGESTED ACTIVITIES 

I Thought Provoking Questions 

1 From an inspection of the structural formulas of formic acid and 

acetic aad how may one account for the fact that only formic 
acid IS a reducing agent*' 

2 In what manner is the formation of the ester similar to the inorgamc 

reaction of neutralization*' Are ethereal salts similar in prop 
erties to inorganic salts^ 
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3 How do you explain the fact that metabolism of the fruit acids 

such as atnc acid produces an alkaline effect m the body? 

4 How does propiomc acid ionize in water"' What la the equation 

for its neutralization"' 

5 What products result from the hydrolysis of ethyl n butyrate*' 

What IS formed when this ester is saponified? 

6 Acetic and and other organic acids of its senes will react with 

sodium carbonate to evolve carbon dtozide What does this 
prove about the relative etrengths of carboxyhc acids and 
carbomc acid"' 

7 How are the various sulfa drugs related to sulfanilamide"' 

8 What 13 the food source of the unc acid which is present m small 

amount in the blood and also in the unne"' 

9 In what respect do hemoglobin and chlorophyll have a sumlarity 

of structure"' 

10 Look up the structure of the vitamin known as macin How is it 
related to pyndme"' 


H VocAHUu^RY Testojo OF New Terms 
carboxyl group ortho 

ester meta 

esterification para 

hydroxy acid antipyretic 

aromatic nag derivative 


carbocydie 
beterocychc 
sulfa drug 
saponification 
analgesic 


111 Topics for Oral or Written Reports 

1 Esters for Medicinal and Industnal Use 
2. The Sulfa Drugs 

3 Medianal Uses for Salta of Organic Acids 

4 Some Important Antiseptics and Disinfectants of Aromatic 

Structure 


LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found on page 714 




CHAPTIR XV 


CARBOHYDRATES 


CHAPTER OUTLINE 


I. Occurrence, Classiftcatton, and 
Structure oe Carbortdrates* 

(a) Occurrence and importance 

(b) CompoeitioD and daasificabcD 

(c) Structure 

II. Cbbuical Pnofsansa op Casbo- 
BTDRATES: 

(a) Reducing properties of carbo* 

hydrates 

(b) Hydrolyma of carbohydrates 

(c) Fermentation of carbohydratee 

(d) Oxidation of carbohydrates 

(e) Reactaaaicohota — esteridcation 

(f) Reduction of carbohydrates 

(g) Form osazones 


IIL I^NCIPAL CABBOKTORATeS 

(a) The monosaccharides 

(b) The disaccbandes 
(e) The polyaaccbandes 

IV. CSL1.UL09B: 

(a) Physiological uses of cellulose 

(b) Commercial uses of cellulose 

products 

1. Cellulose nitrate 

2. Cellulose acetate 
3 Mercerized cotton 

4. Artificial silk 

5. Cellophane 

6. Paper 

7. Ethyl cellulose, carbosy- 
metoylcellulose 



Fig. 1 — An Important Source of Carbohydrate. Wheat. How many other food 
products Can you name that ere sources of carbohydrates? Courtesy, Ohio 
Stole Experiment Sfotion. 
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I. OCCURRENCE, CLASSIFICATION, AND STRUCTURE 
OF CARBOHYDRATES 
Occurrence and Importance 

Carbohydrates, one of three great classes of foods, are very 
important from a physiological standpoint, since they include the 
sugars and the starches In addition to starches and sugars, the 
term carbohydrate includes rxUulose, which is the major constituent 
of the woody or fibrous part of all plants, and is the ultimate source 
of some of our fuel (wood, coal), much of our clothing (cotton, 
Imen, rayon), and a large part of our building material (wood) In 
roots and seeds and in vegetables and unnpe fruits, the carbo 
hydrates occur as starch, but as fruits npen the starch is converted 
into sugar 

Composilion and Classificotlon: 

Carbohydrates contain three tasteless elements carbon, by 
drogen, and oxygen, the last two elements, with but insignificant 
exceptions,* being present in the same ratio as in water, namely 
two atoms of hydrogen to one of oxygen It is for this reason that 
the general formula of most carbohydrates can be represented as 
CiCHsO), Thus m the formula of sucrose (cane, beet sugar), 
CiaHjsOn, the ratio of the atoms of hydrogen to the atoms of 
oxygen is 2 to I, the same as m H3O As the name implies, carbo 
hydrates means “hydrates of carbon ’* However, the name is 
somewhat misleadmg smce the hydrogen and oxygen do not exist 
as water of hydration m a carbohydrate Carbohydrates are best 
defined as polyhydroxy aldehydes, polyhydroxy ketones or substances 
which can be hydrolyzed to give structures This will be borne 
out later m the structures for simple sugars and in the study of the 
hydrolysis products from disacchandes and polysaccharides 

There are several ways of classifying the carbohydrates In 
general they form two classes those that are sweet, crystallme 
sohds, called sugars, and those that are tasteless noncrystalline 
sohds, called starches and celluloses From their chemical behavior 
with water (hydrolysis), carbofiyrfrafes may be classified accordmg 
to the num^r of sacchande ((^HioOs) groups in their molecules, 
the monosaccharides containing one, the disacchandes two, and 
polysacchandes three or more of these groups The term sacchande 

* Acetic aad CHs COOK and lactic *011 Clfs CHOH COOK contain H and O in 

theratioasfoundin water but are not carbohydrates. Furthermore several compounds 
sticfaasrhaazroee CsHirOr doDOthaveUwirHtoOiDtberatiocifS 1 butsresrouped 
with the carbohydrates on account of aumlanty m their properties 
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CLASSIFICATION OF IMPORTANT CARBOHYDRATES 


Classification 

Examples 

Some Properties 

Monosaccharides 
(C.HioOs)! •H2O orCeHjiOs 
Cannot be hydrolyzed 

Glucose 

Fructose 

Galactose 

Crystalline, sweet, very 
soluble, require no diges 
tion 

Disacchandes 

(CsHioOelj H20orC,2H2aOii 
Can be hydrolyzed 

Sucrose 

Lactose 

Maltose 

Crystalhne, sweet, soluble, 
digestible 

Polysaccharides 

(CeHioOa). 

Can be hydrolyzed 
(Smce the molecular weight is un 
known n refers to an unknown 
number of these groups ) 

Starch 

Dextnn 

Cellulose 

Glycogen 

Amorphous, with little or 
no flavor, less soluble 
Vary in solubility and di 
gestibility Form col 
loidal dispersions which 
cannot be dialvzed 


means sweet and should not be confused with the term “sac- 
charine,” which IS a coal tar compoimd that bears no relation to a 
carbohydrate (Saccharine is approximately 500 tiroes as sweet as 
cane sugar, but it has no nutritive value, smce it is not digestible 
and IS ehmmated from the body unaltered ) 

The monosaccharides axe still further classified on the basis of the 
number of carbon atoms in the molecule, as pentoses, C 5 H 1 OO 0 , 
hexosea, CsHnOe, etc , of which the hezoses are the most abimdant 
and most important 

Structure; 

FoUovang are the structural formulas for two important mono 
saccharides, glucose, an aldohexose, and fructose, a ketohexose 


‘C=0 

1 

H— 2c— OH 

I, 

HO— 3C— H 

( 

H— *C— OH 

H— ®C— OH 

1 

H— «C— OH 
H 

Glucose 


H 

1 

H— ic— OH 

t 

2C=0 
HO— 3c_H 

I 

H— ^C— OH 
H— 4— OH 

H— 6C— OH 

1 

H 

Frvcfose 
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T?ie structure for glucose reveals the aldehyde group at carbon 
number one In the structure for fructose a ketone group appeara 
at carbon number two From these formulas it is evident that in 
the monosaccharide molecule all carbons are jomed in one cham, 
and that the structure may be regarded as a polyhydnc alcohol 
which contains either the ^dehyde or the ketone group Conse 
quently the chemical behavior of a monosacchande is due to the 
presence of the following groups 


H 

( 

Aldehyd. — C=0 

\ 

Kerane 

/ 


-CH2OH 


Secondary olcohol CHOH 
/ 


In order to distinguish between aldehyde and ketone types of 
monosaccharides the terms aldose and ketose are used, the "ose” 
signifying a sugar Thus the name aldohexose represents a six 
carbon atom sugar with an aldehyde conbguration 
The carbon atoms numbered 2, 3, 4, and 5 in the glucose mole* 
cule are called asymmetric (without symmetry) because each one 
has four unlike factors attached to it Isomeric structures then 
become possible through a variation of the relative positions which 
the attached factors occupy m space The glucose molecule 
pictured here is but one of sixteen aldohexoses Chemists indicate 
this by writing the structure for ordinary glucose with the hydroxyl 
group attached to carbon number three placed on the left, while 
the hydroxyl groups on carbons two, four, and five are written on 
the right 

Some of the chemical reactions of glucose, as well as other sugars, 
suggest that the open cham structure with its free aldehyde (or 
ketone) group exists only to a small degree Cyclic structures have 
therefore come into use for the sugars 

In the cyclic structures for glucose the free aldehyde group does 
not appear, it is, however, said to be potentially free Undoubtedly 
m solution an equilibrium exists between the nng and the open 
cham forms, with the rmg form predommatmg 

The disacchande structure shows two molecules of monosac 
chande linked together by the elimination of one molecule of water 



Carbo/)yc/rafes 


327 


/ 


H—’C- 

I 

H— 2C— OH 
HO— 3C— H 
H— 4— OH 


H_sc 

I 

H— 6c_oH 

I 

H 

Richer formulo 


CCH2OH 


I 

6C O 



I I 

H OH 


Howorth formula 


to fonn an oxygen (ether) bridge 1^0 resulting disacchande may 
still have a potentially free aldehyde or ketone group, and if such 
IS the case it will show the properties of the aldehyde or ketone, 
just as do glucose and fructose ‘Ihere is one important disacchande, 
namely, sucrose, which does not have any reducmg properties 
Evidence shows that for this sugar the aldehyde group of glucose 
and the ketone group of fructose have both been utilized in forming 
the new oxygen linkage, and hence both have been destroyed as 
reducing groups In contrast to sucrose, the disacchande maltose 
IS a reducing sugar since it possesses a potentially free aldehyde 
group, indicated by the arrow in the followmg structures for this 
sugar Lactose is very similar to maltose 


1/ 

C 


OH 

\l 

c— 

I I 

H G 


\? 1/^ 
!/LoJ\^ ?/l 


o 

1/ CH20H 

c c 

I I 

OH H 
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CHoOH CH2OH 



! 1 I I 

H OH H OH 


(GluTOt* pgrtlon— O — pliKote portion) 
Moltoi* 


\ / 


0 CH 2 OH 

L_i 

H~C 

1 

H— C—OH 

1 

no c II 


H— c r 

1 

H— C— OH 

no c II 

1 .. 


) c 

H-C-OH 



H— OH 

H 1 

r 

H— C 1 


The polysaccharides have variable molecular weights with numer 
ocis carbon chains linked together through oxygen atoms Like 
sucrose, the polysaccharides are nonreducmg carbohydrates They 
may be considered as composed of hexose molecules less one mole 
cule of water for each hexose molecule present The formula be 
comes (CeHioOslo, where n refers to the number of CeHioOs 
residues in the structure 

SELi^TESTING QUESTIONS 

1 What aubstaoces are included under the name of carbohydrates? 

2 In what forms are carbohydrates stored up m plants? 

3 Define carbohydrate from its atomic composition, from its characteristic 

groupings. 

4 What is the distinction between aacchande and saccharme'^ 

6 What 18 an aldose"’ a ketoee? 

6 To what are the reduong properties of sugar attributed? 

7 What disaccbande does not have reducing properties’ 

8 How do the three classes of carbohydrates compare m their physical 

properties? 
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IL CHEMICAL PROPERTIES OF CARBOHYDRATES 

As has been mentioned the (Aemical behavior of a carbohydrate 
IS determined by the presence of the aldehyde or ketone structure 
and the primary and secondary alcohol groups With this in mind, 
and an understanding of the properties of such groups, the reac- 
tions of the carbohydrates are somewhat simphfied 

1. Reducing Properties of Carbohydrates* 

Hie monosacchandra and the disacchandes, with the exception 
of sucrose, are good reduang compounds because of the presence 
of a free, or potentially free, aldehyde or ketone group Sucrose, 
and the polysaccharides, however, show little or no reducmg action 
with oxidizing agents, because of the absence of reducing groups 
When these oxidation reduction reactions once start the alcohol 
groups are then affected by oxidation It is often important to 
discover if glucose is present m foods, or m such waste matter as 
the unne Glucose is the only sugar of great physiological signifi 
cance in the unne Here, the presence of glucose indicates glyco 
suna, the chief symptom of diabetes Since glucose sugar has 
a great affimty for oxygen, » c , it has reducmg properties on ac 
coimt of its aldehyde group, it is easy to make a test for this sugar 
Benedict’s and Fehling’s solutions are the reagents very commonly 
used for this test Benedict’s solution, which is a modification of 
Fehlmg’s solution has many advantages over other solutions used 
to test for sugar in the unne This solution is a permanent single 
solution, and, m contrast to Fehhng's solution, is less alkaline and 
more sensitive to reducmg sugars Moreover, it is not affected by 
unc acid, creatimne, or chloroform, the latter compound being 
sometimes employed as a preservative for specimens of unne 
Benedict’s and Fehhng’s solutions both contam soluble cupric 
hydroxide Either deep blue alkahne solution, if boiled with any 
solution containmg glucose (an alddiyde sugar), is reduced to form 
a reddish yellow* precipitate of cuprous oxide and an organic acid 
as explained in the following equation 

* The yellow precipitate first formed is CuOH which on long boihDg changes to red 
CugO Just a trace of yellow precipitate la the presence of blue cupno iocs unparts a 
green color to the solution If conditions are carefully controlled and Benedict s or 
Fehlmg B solutions are carefully prepared the teat may be used as a quantitabve method 
for the determination of a reducing auger ea<di solution being made of such a strength 
thatadefimtevolumewniberedueedtoCuzObyexacUyOOSGm ofglucose Fructose 
a hydroxy ketone differs from ordinary ketones by reducmg Fehling a solution 
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2 Cu(OH) 2 + R CHO -4 CwaO + R COOH + 2 H 2 O 

Solubl* Clueoia Inielabl* Organic 

cuprte cuprou* acid 

fijrdroxida oxtda 

Milk sugar, or lactose, is also a reducing sugar, and consequently 
the unne of pregnant and nursing women will give the same test as 
glucose sugar On the other hand, milk sugar does not ferment with 
yeast, as does glucose 

2. Hydrolysis of Carbohydrates 

In the presence of certain nonondizing dilute acids hke HCl or 
in the presence of certain enzymes f both the disaccharides and poly 
saccharides react with water to yield molecules of monosacchandes 
If acid causes the change the final product is a monosaccharide, 
but with enzymes (amylases) the end product of the hydrolysis of 
a polysaccharide such as starch is the disaccharide, maltose 

Hydrolysis by acids 

CijHgjOii + HjO — f CsHisOg -h CeHisOg 

0 ia«^arld« 

(CeHioOa)n + nHjO "4 aCeHisOe 

Polyia«4iarfd« 

Hydrolysis by amylases 

(CgHioOsln + rfiz® "CijHzjOjj 

Starch 2 2 Moltot* 


t Enzymea or fcRneot* si« cstalyxora produced by Ltujs orgsuivnu 


DIGESTION OF CARBOHYDRATES 


En^me 

i Found in 

Carbohydrates 

End Product 

Sucrase (invertase) 

Intestine 

Sucrose 

Glucose and fructose 

Maltase 

1 Intestine 

Maltose 

Glucose 

Lactase 

1 Intestine 

lactose 1 

Glucose and galactose 

Salivary amylase 

Saliva 

Starch 

Dextrin to maltose 

(ptyalin) 

(mouth) 


Dextrin to maltose 

Pancreatic amylase 

Pancreas 

Starch 1 

(amylopsin) 



Glucose 

Glycogenase 

Liver 

Glycogen 


(liver starch) 
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In organic chemistry, this kind of a chemical decomposition m 
volvmg water is called hydrolysis In a previous chapter we learned 
(p 182) lliat hydrolysis is the reaction of a salt with water to form 
an acid and a base Now in a broader sense, hydrolysis represents 
reactions of compounds other than salts with water 

The table on page 330 shows the hydrolytic changes m the 
carbohydrates as produced by the different enzymes in the body 

3 Fermentation of Carhohydrates* 

An interesting and characteristic property of the carbohydrates 
IS that some of the sugars undergo fermentation with yeast Fer 
mentation is a term used for the decomposition of carbohydrates 
brought about by the lower organisms of life, namely, the bacteria, 
the yeasts, and the molds When glucose ferments ethyl alcohol is 
produced 

CeHiaOe 2 C 2 H 5 OH + 2 CO 2 


Gtgcoie Ethyl olcohol 


# 


# 


# 

Pg 2 — Boctena 


Fig 3 — Yeojtj 

Fig 4 — Molds 


All alcoholic beverages are the result of fermentation Each 
beverage is the result of fermentation of the particular sugars 
formed from the grain or present in the fruit by a microorganism 
especially adapted for the purpose For instance wine spoils when 
a certain microorganism is present Pasteur first observed that 
wines soured in certain wine growing distncts in France He finally 
found the germ which caused the wme to sour, a discovery which 
led him to search for organisms as a possible cause of human or 
animal diseases By heating the wme to a temperature of 60° C , 
on three successive days, he was able to destroy the germs without 
changing the character of the wme This method long smce has 
been called "pasteunzation,” and is now employed for the com 
mercial pasteurization of milk 
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Some fermentations produce acids, as when acetic acid is formed 
m the preparation of vinegar from apple juice, and commercial 
lactic acid from glucose, molasses or whey 

Alcoholic fermenfoHon CdHisOs — f 2 CzHsOH + 2 CO3 
Acetic feritienlation CsH^OH ^ CH3COOH d* H2O 

Lactic fermentolien CoHisOc— t 2CH3*CHOH>COOH 

The disactdiandes sucrose and maltose (lactose excepted) readily 
undergo alcoholic fermentation Lactose does not show alcoholic 
fermentation, but will undergo acid fermentation to yield lactic 
acid Acid fermentation of sucrose by a fringus is a commercial 
method of making citnc acid 

Smce fermentative bactena are always found m the intestines, 
there will be a certain amount of acids and gases produced therem 
during the course of digestion If the amount b^omes excessive, 
the acids and gases may cause digestive disturbances This may 
be partially overcome by carefully regulating the carbohydrates 
in the diet 


n 



Fg 5— Fermenfai on tgbe 


The yeast cell, which produces fermentation, contains an enzyme 
called zyma&e Actually zymase is a collection of enzymes Zymase 
acts only on monosacchandes, but yeast contains a second enzyme, 
mvertase, which is capable of hydrolyzmg the disacchande cane 
sugar mto glucose and fructose just as an acid may hydrolyze it, 

C12H22O1I "h H20 ” C6 Hi 206 + C6H12O6 

Clivei* Fn/elost 


thus preparing it for the action of zymase 


C6H12O8 


2 CsHsOK + 2 CO 2 
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The activity of the zymase is conditioned by the presence of a 
number of substance, notably phosphates and a complex substance 
called “cozymase ” 

Starch, a polysacchande, cannot be fermented by yeast, but 
certam enzymes in plant cells, as dtastase m sproutmg grams, and 
enzymes (ptyahn, amylopsm) m the digestive jmces, can change 
the starch into maltose If the change from starch mto maltose 
has been brought about by diastase, then mcdtase, a third enzyme 
of the yeast ceU, can hydrolyze the maltose into glucose, which, m 
turn, can be fermented by z 3 miase Alcohol, then, may be consid 
ered as a product of the hydrolysis of starch mto glucose, followed 
by the alcoholic fermentation of the glucose It is from this source 
that a portion of the alcohol of commerce is obtained 

4. Oxidation of Carbohydrates* 

Sugars, sucrose* excepted, readily imdergo oxidation, the aldoses 
bemg easier to ondize than the ketos^ Oxidation first starts with 
the aldehyde group, then with the primary alcohol groups, and 
finally with the secondary alcohohc groups, eventually to form 
carbon dioxide and water Ketoses upon oxidation yield acids** of 
lower molecular weights before finally being oxidized to carbon 
dioxide and water By the time the carbohydrates reach the body 
cells they are converted into glucose, CeHigOc Glucose easily 
undergoes oxidation to form carbon dioxide and water with the 
release of energy amounting to about four Calones per gram 

CcHjsOo 4* 6 O 2 — > 6 CO 2 + 6 HjO + energy (677 2 Calones) 
or 1 Gm + 1 06 Gm ■ ■ — ■ > energy (3 75 Calories) 

There is no ash left, just the evolution of heat with the formation 
of carbon dioxide and water Thus, the principal function of a 
carbohydrate m the body is to provide energy (about 1/6 of the 
calorie mtake) As this energy is not always needed at the instant, 
animals generally store it m the form of fat or glycogen, while 
plants store it m the form of carbohydrates Starch then may be 

* The fact that aucroee aad the polyaaccbandea m cootraat to the other caibohydratea 
scarcely show any reducing properties is doe to the hnkage between the reducing groups 
(aldehyde or ketone) of the monoeacchandee composing them (p 327) 

** Fructose for example is supposed to imdergo oxidation in the following manner 

CHiOH (CH0H)8 CO CH4OH ^CHrOH (CHOH)a COOH + CHjOH COOH 

Fructoee Tkihydrozybutync aad Glycolic acid 
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considered as a reserve supply of energy for plants In animals 
carbohydrates are used almost as quickly as they are ingested, 
since they are quickly digested In addition to the fact that carbo 
hydrates are the souice of practically all of our energy (p 497), 
they also are used to some extent for building body fat (p 512) 
and proteins 

I he normal uliUzalion of the carbohydrates takes place in the 
presence of mtulm, an activating substance which is one of the hor 
mones Insulin is secreted by the pancreas and a lack of this body 
regulator leads to diabetes However, it is now suspected that im 
pairment of liver function is also a contributing factor m this disease 

5 React as Alcohols — Esterification 

Because of the presence of hydroxyl groups carbohydrates will 
form ethers and salts and will esteniy with acids The most im 
portant ester fiom a biochemical viewpomt is that formed by 
glucose reacting with phosphoric acid This substance m large 
part changes into lactic acid and then into glycogen with bberation 
of energy for body purposes (p 608) 

6 Reduction of Carbohydrates 

The n unosuccharidcs and disacchandes (sucrose excepted) also 
undergo reduction wiKi the absorption of energy and with the 
formation of products which the body uses to make mto fat and 
other important substances Just how the process goes on is not 
fully understood but we do know that it takes place since a carbo 
hydrate diet is fattening (p 511) 

7 Form Osaxones 

In addition to the chemical properties previously stated the 
monosaccharides and disacchandes (sucrose excepted) react with 
the base phenylhydrazine CeH^NH NHj to form osazones in 
soluble compounds that vary in color, melting pomt and crystaUine 
structure 'Hie formation of osazonea is a satisfactory method for 
the identification of a number of the sugars 

SELF-TESTING QUESTIONS 

9 What Ls the significance of glucose m the ur ae’’ 

10 Why does glucose react with Benedict a solution? 

I I What arc the advantages of Bened ct s solution over Fehling a solut on’ 

12 How can you make a test to dtfienentiate between glucose and milk 

sugar’ 
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13. What is hydrolysis in organic chemistry? 

14 What are the hydrolytic products in the digestion of sucrose, maltose, 
lactose, starch, and glycogen‘s 

15. What produces fermentation? 

16. What is formed during fermentation of glucose‘s 

17. What other kind of fermentation is there besides alcohohc fermentation^ 
18 Explain how starch may be changed into alcohol. 

19. What is the function of zymase, invertaae, and maltase*^ 

20. What IS the pnnapal function of a carbohydrate’ 

21. How much heat ta liberated upon oxidizing one gram of glucose? 

22 How are carbohydrates stored in ammala’ in plants’ 

The following table summarizes the characteristic properties of 
the important carbohydrates: 



1 MaltoM I 

(malt sugar)] 
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i|} THE PRINCIPAL CARBOHYDRATES 
The Monosaccharides (CeH^Oe) 

The monosacchandes are the basic constituents of all carbo 
hydrates Disacchandes and polysacdiandes are made up of mono 
saccharide groups Not all monosacchandes (simple sugars) have 
nutritional significance, so we whall confine our study here to the 
three important hexoses as follows 

Glucose (also called dextrose, grape sugar, 
or com sugar) 

Fructose (also called levtdose, or frmt sugar) 

Galactose 

Glucose (an aldose), firom the dietary viewpoint is the most 
important of the monosacchandes since it is the prmcipal form in 
which a carbohydrate reaches the tissues for oxidation In the free 
state glucose is commonly present with fructose m Ihiits, espeaally 
in the juice of npe grapes (20 to 30 per cent), and it is the mam 
constituent of honey As it is directly absorbable, glucose is 
adaptable to conditions of impaired digestion and is a valuable 
food for babies snd children Honey, containing about 40 per cent 
each of glucose and fructose quickly replaces m the blood and 
muscles the sugars that have b^n burned by strenuous exercise 



Analysis af Commerciol GI</eose 

Wal«r 

D«xtrlns 

Glucose 

Protein 

Ash 


1848 % 
2811 % 
36 33 % 
1678 % 
05 % 
25 % 


Tg 6 — CommeragI Glucose Commercial glucose represents 
a product of Incomplete bydr^ysU. Why do the monufacturers 
p efer to coll this product corn syrvp? Courfery A £ Sfah/ 
Mfg Co 


Commercial glucose a mixture of glucose maltose and dextrin 
IS obtained by the mcomplete hydrolysis of com starch (Fig 6) 
The starch is heated under pressure with dilute hydrochlonc acid 
(0 6 per cent), which serves as a catalytic agent At the end of the 
process the acid is neutralized the liquid is decolorized with bone 
black, and then concentrated to attack syrup Glucose i3 commonly 
known as com syrup, a sweetenmg agent, much used in the prepara 
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(CeHioOslrt nHjO 11C6H12O6 

Starch Glucoja 

tion of jellies, table syrups, and candies Its sweetness is surpassed 
only by fructose and sucrcse 

Glucose (generally along with some sucrose) is also used to pre 
serve foods because it deprives fermentative bacteria of water by 
plasmolysis The more concentrated the sugar solution, the greater 
will be the osmotic pressure, and the consequent added protection 
against the growth of the bactena which spoil food by fermentation 



Fig 7— Intravenous tnfus on. Introduc ng a glucose and saline solut on into the 
vein Whot is the purpose of die thermomeler suspended n the ant septic solution 
eontamed In the toll cyl nder? 

Com symp has become very popular as the carbohydrate used to 
modify cow s milk m infant feeding In the hospital, highly refined 
glucose is used for intravenous infusions as a quick means of pro 
ducmg energy (Fig 7) 

Glucose IS found in the blood to the extent of about 0 1 per cent, 
although after meals this amount may be greatly mcreased, even 
so much that the blood cannot hold any more sugar (threshold 
point) In the latter case, glucose is excreted into the urine, causing 
a condition known as glycosuria Such a condition is not patho 
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logical, but 13 more of a protective device to keep the amount of 
sugar in the blood at a normal level Insulin is supposed to control 
the utilization of glucose, as explained later 

Pure glucose is a crystallme sohd, is fairly soluble (80 parts to 
100 parts of water), and is sweet, but much less so than suctosq 

Fructose (a ketose) is very similar to glucose in properties and 
it occurs, as does glucose, particularly in many firuits from which 
it gets the name of fruit sugar On a commercial basis it is largely 
obtamed by the hydrolysis of inulin, a polysaccharide found m the 
Jerusalem artichoke 

Fructose is the sweetest of all of the common sugars Because 
of its sweetness (nearly twice that of sucrose), great solubility, 
difficulty to crystallize from solution, and its abihty to absorb 
moisture and consequently not dry out by complete crystallization, 
fructose has a decided advantage over other sugars in candy makmg 
Such a sugar is useful m making chocolate centers, but the present 
price of fructose curtails its extensive use 

Galactose, another monosaccharide that is similar to glucose in 
Its chemistry, is mentioned here because dunng digestion lactose 
(milk sugar) is hydrolyzed to glucose and galactose Galactose is 
also formed from blood glucose by the mammary glands The 
presence of a complex form of galactose in nerve and brain tissue 
would indicate an important use in infant feeding Also it is used 
as a liver function testing agent 

SELF-TESTING QUESTIONS 

23 Wby u glucose the most important aonosacchantie? 

24 Where la glucose found? 

25 Why is honey considered a valuable food? 

26 How is commercial glucose made^ 

27 What 13 the hospital use of glucose'' 

28 What are the chief conunercial uses of glucoae*^ 

29 What 13 glycosuria? 

30 How does glucose compare id taste with cane sugar^ 

31 Enumerate four chemical properties of glucose 

32 Why la galactose of biological interest* 

The Disaccharides (C13H33O11): 

Th^ sugars, built up from two monosaccharide molecules minus 
a molecule of water, are of biochemical importance as food sub 
stances They are 

Sucrose (cane, or beet sugar) 

Lactose (milk sugar) 

Maltose (malt sugar) 





Fig. 8— Tobl« Sugor. Su«res« or tabl« sugar is the some substonee whether 
obtained from sugar beets or sugor cone. Whot chemitol changes ore Involved 
irt photosynthesis to molce plonts stand between the roes and s>oryot!»nf Cowtesy, 
Sugar Research Feundothn Ine. 

Sucrose: This is ordinary sugar, obtained generally from sugar 
cane and sugar beets, although it does occur to some extent in 
honey and in the sap (maple) and tissues of many of our common 
plants (carrots, beets, etc.) 

The refining of ordinary sugar consists in filtering the juice, 
precipitating the albuminous material, neutralizing the acids in the 
juice, e^ispardting; Che SlCeaCe to iftc cuncentraCion wiicre crysC^tzsc- 
tion takes place, and separating the crystals from the mother liquor 
or molasses. Molasses is an important source of commercial ethanol 
as it readily undergoes alcohob'c fermentation with yeast. 

If heated carefully sucrose may be melted, but an increase in 
temperature (about 200® C.) will partially decompose it into a 
brown amorphous substance called caramel. Caramel is much used 
as a flavor, as in making buttCTScotch pie, custards, or puddings. 
During caramelization at high temperature acrolein, an aldehyde, 
forms, which accounts for the sharp penetrating odor coming from 
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burned sugars spilled m a hot oven Some caramel is used as a 
coloring substance in such food preparations as gravy, vmegar, 
and synthetic vanilla extract Sucrose when boiled with water, and 
a sm^ amount of an acid or an acid salt like cream of tartar to act 
as a catalytic agent, hydrolyzes according to the followmg equation 

C12H22O11 + H2O — > C«Hi205 + CeHi20A 
Sue osa GIveoM Frvctesa 

Invarl lugar 


The two sugars, glucose and fiructose, collectively called invert 
sugar are used extensively m intravenous therapy Invert sugar is 
sweeter than sucrose, and crystallizes with difficulty in water Ad 
vantage of this Utter property is taken m m akin g fudge and 
butterscotch sauces for ice cream In a similar way boilmg sucrose 
with vmegar prevents taffy from "going to sugar " Because of its 
hygroscopic power, invert sugar is useful m keepmg foods moist, a 
property used m keeping frostings fondants, and other sugary 
coatings from drying out 

The alcohobc groups ( —OH) of sucrose make possible the for 
mation of salts For instance the filtrate from a 50 per cent solu 
tion of sucrose and a small amount of calcium hydroxide to form 
calcium sucrate finds a use m makug cream whip more easily 
Sucrose may be distinguished from the monosacchandes, and the 
disacchandes lactose and maltose, by the fact that sucrose does 
not r^pond to the test for the carbonyl group ( =C = 0), i e , it 
does not reduce Benedict’s solution and does not form an osazone 
This inability of sucrose to behave hke an aldehyde or ketone sugar 
mdicates that the characteristic properties of the aldehyde and 
ketone groupmgs have been destroyed m the umon of the two 
molecules of hexose (p 327) Sucrose, like glucose, undergoes al 
cohobc fermentation with yeast * 

Lactose (milk sugar) This sugar is present m the milk of all 
animals and during pregnancy it may be found m the unne Cow’s 
milk cd^tsii’is absai 5 per cent of lae^ose, irhile human mifk nms 
somewhat higher containing from 6 to 7 per cent Lactose is not 
so sweet or so soluble m water as cane sugar It ss fortunate that 
lactose IS less sweet than sucrose since this prevents milk from being 
nauseatmg and it also prevents babi^ from becommg accustomed 

• The inverting eniymes first hydrolyze aucrose and then the *yma«« enzymea 
ferment the invert sugar 
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to having foods which are too sweet, a very important dietary 
measure when one wishes to make up a drmk of high calorific con 
tent The sourmg of milk is the result of the fermentation of lactose 
mto lactic acid (lactic fermentation) 

C12H22O11 + H2O -4 4 CH3 • CKOH • COOH 

tacto>« Led e add 

Not only does lactic acid precipitate casern in milk , but the 
rennm in the stomach also precipitates casein Casern precipitated 
from cow’s or goat’s milk by rennm is used in the making of cheese 
The hquid left, called whey, contains the milk sugar Lactose sugar 
does not ferment with pure yeast, nor is it very soluble The fact 
that lactose does not ferment so easily as the other sugars would 
mdicate another importance m infant feeding, since it would allow 
less chance for mtestinal disturbances TTie presence of lactic 
acid in the intestine checks the growth of putrefactive bacteria, 
and since both lactose and lactic acid are present m buttermilk, 
it may be understood why buttermilk and many similar com 
mercial preparations are popular foods 

Upon hydrolysis m the intestines, lactose yields glucose and 
galactose The digestive enzyme lactase is the catalyst 

Ci2H220ii + H2O -4 Ct,H| 20 o + C6HJ2O6 
Lodos« Glvcoi* Gofactoi* 

Maltose (malt sugar) TTus sugar, especially abundant m 
germinatmg seeds, is formed from starch by the action of an en 
zyme, diastase, which exists m sprouting barley An extract of 
sproutmg barley, called malt extract produces maltose from starch 
In a similar way the enzyme ptyalin (sahvary amylase) of the sahva 
and amylopsin (pancreatic amylase) of the pancreatic juices can 
change starch mto maltose Maltose, like lactose, is not so s%s ect as 
sucrose, and finds a wide use m making malted milk With dextrin 
if forms many valuable patented foods In the body maltose is 
hydrolyzed by the enzyme maltase of the intestine into two 
molecules of glucose 

C12H22OJ1 •f' H2O ”4 C«Hj 206 "f* C 6 Hi 20 a 
Moltoie Ctuceia Glucosa 


Malt sugar readily ferments with yeast 
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SELF-TESTING QUESTIONS 

33 What are the sources of sucrose^ 

34 How 13 sucrose refined? 

35 What IS an important source of ethanol^ 

36 How IS caramel made and for what is it used^ 

37 What IS uivert sugar and how does it differ in properties from sucrose'' 
33 How does sucrose differ from the monosaccharides and the other disac 

charides in its chemical behavior‘s 

39 Why does not sucrose show reducing properties'' 

40 How does the percentage of lactose differ in cow and human milk'' 

4t Why can li be considered fortunate that lactose is not so aweet as 
sucrose'' 

42 In what two ways may caseio be precipitated? 

43 What are the hydrolysis products of sucrose and of lactose*' 

44 How IS maltose made'' 

The Polysaccharides (CBHioOs)n 
They include Starches 
Dextnna 

Glycogen (animal starch) 

Celluloses (v^etable fiber) 

As a group (polysaccharoses), the polysaccharides are amorphous 
solids with little or no fiavor, and they vary m their solubihty and 
digestibility Like most compounds of high molecular weight, they 



fg 9 — }j pelting of fnt t Chongei Starch to Sugar A* shown by the od ne test 
apples wh ch were p eked too early (when too immoture) show □ heavy amount of 
itardi In oil but the core area Why ore apples p eked at about the stage repre 
seated In opple four (top row count ng from the lefl)l Courtesy DJv s on of Mort 
ev/ture Centrol Experimentol Form OHawa Conodo 
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are not crystalline and form typical colloidal dispersions that are in 
capable of dialysis Because of the absence of a free carbonyl group 
( = C = 0) the polysacchandes, bke the disacchande sucrose, do not 
have reducing properties or form osazones 

Starch This is the principal form m which most plants store 
their food supply (potato 20 per cent, wheat 65 per cent, com 65 
per cent, nee 80 per cent) Starch is the cheapest, most plentiful 
and most important of our foods Fruits as apples and bananas 
contain stardi when green, but when npe the starch has been 
hydrolyzed to glucose with an accompanymg sweet taste At the 
same time there is an apparent decrease m pectm as evidenced by 
the fact that unnpe fruits produce firmer jelhes than npe fruits 
On the other hand the changes that occur m sweet com and peas 
are the exact opposite of those changes that take place m unnpe 

Fig 10 — Starch 
Granule from Po 
tflto How would 
you moke a test for 
starch* 

fruits, I e , the sugar gradually changes to starch Starch grams 
under the microscope show coocentnc rmgs of cellulose between 
which 13 a semifluid polysacchande which gives a blue color with 
lodme solution During cookmg the moist heat swells and ruptures 
the hard partitions, thereby allowmg the semifluid portion to be 
partially dissolved and more easily digested It is for this reason 
that starchy foods are generally considered to be made more 
digestible by cooking However, recent exp>enments have shown 
that all uncooked starches, potato starch excepted, digest as well 
as cooked starches, but that it takes longer to digest raw starches 
In the mouth, starch can be change by ptyahn mto maltose and 
dexinns, but the greater part is fiyifroiyzeif 6y amylopsin of the 
pancreatic juice to maltose, and then by maltase to glucose 
Boiled starch m neutral or family acid solutions upon bemg cooled 
forms a colloidal gel (stardi paste) which gives a blue color with 
iodine solutions The blue color vanishes on heating, but reappears 
on coobng Boding with ddute mineral acids gradually hydrolyzes 
starch to dextnn maltose, and gluci^, while cold ddute acids 
slowly produce the "soluble starch” that is used for laundry 
purposes 
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Yeast will not ferment starch. However, in bread making, 
diastase in the flour hydrol^^ea some of the starch into maltose, 
which is changed by maltase of the yeast into glucose. The 
glucose is then fermented by zymase of the yeast into CO2 and 
ethyl alcohol. 

dlaitciie maltase xymaie 

Starch ■ ■ ) Maltose > Glucose > Alcohol 4* Carbon dioxide 

In Sevr In yeail In yeail 

Starch and the other polysaccharides, unlike the monosaccharides 
and disaccharides, do not dialyze. 



Fig. 1 1 — Starch Foods. Which food pictured here Iiltefy is richejt In starch? 
Courtesy, Naf/onof Doiry Ceunci’t. 
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Dextrin This polyaacchande is a white amorphous substance 
formed by heatmg diy starch, and in a sense is a product mter 
mediate between starch and sugar In solution, dertnn is slightly 
sweet, and, with iodine solution usually gives a violet to reddish 
brown color, the larger dextnn molecules (erythrodextrm) giving 
the darkest colors The very simple dextrm molecules (achro 
odextrm) give no color change with lodme During hydrolysis of 
starch by enzymes or aads there is a decrease in molecular weight, 
and the followmg color changes with lodme take place 

Starch -4 Erylhrodextrin -4 Achroodexlnn — f Maltese -4 Clucose 

blua r«d colorl«n eotorless 

Bread crust and toast espeaally Melba toast, owe their sweet- 
ness to dextrm Smce a solution of dextrm is sticky, it is often used 
as an adhesive For example, the mucilage on the back of postage 
stamps IS made of dextrm In medicme, dextrm is used mainly lor 
its a^erence properties, and occasionally as an emulsifying agent 
(colloidal property) Also dextrm is used industrially to give 
smoothness to candy The stickiness of com syrup is mainly due 
to the dextrin present Some dextnns slightly reduce Ben^ct’s 
solution and all of them form osazones 
Glycogen This is an animal starch, a carbohydrate reserve 
formed from blood sugar (p 514), and from a part of the protein 
and fat m the blood (pp 516 521 522) 

Glycogen is present in all body cells particularly the muscle 
tissue and in the hver Sometimes the liver contains as much as 
ten ounces of glycogen That glycogen furnishes a reserve supply 
of energy needed by the tissues is shown by its rapid disappearance 
from the liver during sudden stram produced by fright or excess 
exercise 

(CeHioOsln + wHgO -4 nC8Hj206 

Glycogen is somewhat soluble (unlike starch), forms an opales 
cent solution m water, and with iodine solution gives a red to 
brown (port wme) color It does not reduce Benedict’s solution, 
nor does it ferment with yeast or form an osazone 

Oystere and other shellfish contam as much as 9 per cent of 
glycogen and since hver always contains a large amount of gly 
cogen, both of these foods should be carefully considered in the 
low carbohydrate diet of diabetic patients 
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SELF-TESTING QUESTIONS 

45 How IS starch digested? 

46 What are the general properties of the polysaccharides'^ 

47 What 18 the test for starch? 

48 Why are starch foods cooked? 

49 How IB dextnn made'’ 

50 What IS the test for dextrin? 

51 What are the medicinal uses of dextrin'’ 

52 Where is glycogen found la the tiody? 

63 From what is glycogen formed in the body'’ 


IV. CELLULOSE 

Physiologicoi Uses of Cellulose* 

Industrially and economically cellulose is the most important 
carbohydrate Although a polysaccharide it is not a nutrient for 
human consumption It is the pnncipal constituent of the cell walls 
of plants Linen, cotton, hemp, and flax are chiefly cellulose Cellu 
lose IS msolubte in water, and because the body has no enzymes 
capable of producing its hydrolysis it is very indigestible How 
ever, herbivorous animals are able to decompose and use it as a 
food Older people often need to eat the soft cellulose present m 
vegetables as it gives bulk and causes peristaltic action in the 
intestme In this way it assists in preventing constipation It is 
however, prohibited m spastic conditions of the mtestines A list 
of foods which help waste elimination is shown below 

FOODS WHICH HELP WASTE ELIMINATION 


Apples 

Cauliflower 

Grapefruit 

Pineapple 

Apncots 

Celery 

Grapes 

Plums 

Asparagus 

Cereals (whole gram 

Honey 

Prunes 

Beets 

preparations) 

Lettuce 

Radishes 

Bran 

Cranberries 

Maltose 

Raisins 

Bread (bran whole- 

Cucumbers 

Ohve oil 

Rutabagas 

wheat graham) 

Currants 

Olives 

Spinach sad other 

Brussels sprouts 

Dates 

Onions 

greens 

Buttermilk (yogurt 

Bndive 

Oranges 

Strawberries 

or acidophilus) 

Figs 

Parsnips 

Tomatoes 

Cabbage 

Fruit juices jellies 

Peaches 

Turnips 

Cantaloupe 

or ices 

Pears 

Watermelon 

Carrots 

Nora Subataaqss Indicated by italic typo oro especially valuable for their mmarala. 
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When treated with a strong hydrolytic agent such as dilute sul- 
furic acid, cellulose yields glucose It is for this reason that cotton 
goods are weakened by acids, as well as by alkahes (washing 
powders, soap) Although cellulose is the mam product formed 
durmg the growth of plants, there are also present mtermediate 
products, called hemiceUuloses^ which differ from the normal cellu- 
lose by bemg more readily hydrolyzed The hydrolysis of hemi 
celluloses takes place very readily m the presence of an alkali, and 
explains why the addition of bakmg soda is more likely to soften 
young vegetables or fruits than old ones Such an addition how 
ever may result in the destruction of vitamins Cellulose differs 
from the other polstsacchandes discussed by giving no color change 
with lodme 

Agar Agar This is a polysacchande found in seaweed, and is 
of interest on account of its use in prepanng solid culture media m 
bacteriology Hydrolysis of agar agar produces galactose Agar 
agar has little food value but when u^ medicmally it adsorbs 
large quantities of water, and for this reason is used to give bulk 
to the feces in order to overcome constipation 


Th« of ihlt thopUr moy 

oinitl«d wh«ro tim* rnu*> b* tovod 


Commercial Uses of Celiufose: 

Through chemical changes a large number of valuable products 
are made from cellulose, the most important of which follow 

Cellulose Nitrate (Nitrocellulose) Smce cellulose has 
alcoholic groups in its molecule it can react with acids to form 
esters, the most important of which are the mtrates and the 
acetates Thus cellulose with mtnc acid forms cellulose nitrate 
(pyroxylin), or, if three nitrate groujs are substituted for as many 
by'draxy} grarps gun cutton is f<nined A soi'utian oF ceilukise 
nitrate forms a transparent film It is this property that makes 
these lower nitrates of cellulose suitable for prepanng collodion, 
cellophane, celluloid, and certam lacquers The higher nitrated 
forms are used for explosives Pyroxylm used on certam fabncs 
makes artificial leather 

Cellulose Acetate In deaded contrast to cellulose nitrate, 
the ester cellulose acetate is nonexplosive and bums very slowly 
with the production of nontoxic fumes As a consequence, cellulose 
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acetate finds an extensive use in the manufacture of “safety” (slow- 
burning) motion pictme films, x-ray films, and “acetate” fabrics 
(Celanese). 

MERCERI2ED CoTTON: When cotton cloth (cellulose) is treated 
with sodixxm hydroxide it shrinks and becomes tougher, and if the 
goods is under tension when thus treated, it will have a silky ap- 
pearance. This material is called mercenzed cotton. 

Rayon: Cellulose, as wood fiber, when treated with sodium 
hydroxide, reacts with carbon disulfide, and yields cellulose xan- 
thate, a yellow solid which readily dissolves in the sodium hydroxide 
solution to form water-soluble viscose Upon forcing the heavy, 
yellow solution of vicoee through minute tubes into dilute sulfuric 
acid, coagulation takes place with the formation of fine threads 
differing in composition but having a sheen somewhat like that of 
real silk. The manufactured cloth, called rayon, formerly was 
known as artificial silk. 

Cellophane: A cellulose product of great importance is cello- 
phane, which is extensively i«ed as a transparent wrapping mate- 
rial The manufacture of cellophane differs from that of rayon 



Fig. 12 — Applying Ihe Suture. 
Nylon, a lynthetie fiber made 
from cool, otr, and water, has 
a strength equal to silk. Is 
elastic, end Is Insensitive to 
moisture. Why ore nylon 
fibers sultoble for surgical 
sutures? Courlety, fiouer ond 
Slack 
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mainly in that the viscose is forced through a narrow slit and forms 
a sheet instead of a thread 

Paper Large quantities of cellulose such as fibers, and the 
cheaper grad^ of wood are used in the manufacture of paper 
Linen and rag papers are no longer manufactured in quantity 
Ethyl Cellulose, Carboxymethylcellulose In addition 
to cellulose showing the behavior of an alcohol m formmg esters 
and cellulose xanthate, it will form ethers One important ether is 
ethyl cellulose, a compound much used in paper sizing, pnnting 
mks, certam soaps, sjmthetic resms, and in adhesives Another 
compound, carboxymethylcellulose (CMC), has similar uses 

SELF-TESTING QUESTIONS 

54 Why does cellulose form esters'^ 

55 Name two important esters of cellulose 

56 What property of the low nitrates of cellulose makes them suitable for 

making collodion cellophane, and certam lacquers'^ 

67 What is artificial leather‘d 

58 What are the advantages of cellulose acetate over cellulose nitrate in 

motion picture films'’ 

59 How la mercenred cotton made and bow does it dilTer m properties from 

ordinary cotton? 

60 How is rayon made"’ 

61 From what can paper be made^ 

SUGGESTED ACTIVITIES 

I Tbouckt-Pbovokinq Queotions 

1 What IS the initial source of all carbohydrates'’ 

2 Discuss the possible various uses of saccbanne 

3 How can you suggest a partial elimination of mtestmal fermenta* 

tion"’ 

4 In what way is knowledge of the pH value of commercial glucose 

(com syrup) of great importance in the manufacture of crystal 
line candies’’ 

5 Why IS maltose considered to be a valuable food for infant feedmg? 

S WSan rha jJrjts Iwaamsts sibniKs ^ter.V■K!w:^ jwbj' An? Jiv? 

bananas considered more digestible^ 

7 Discuss the usefulness of fermentation m the home and in mdustry 

8 Account for the fact that a teaspoonful of vinegar beaten into boiled 

frosting when Ssvonng is added wiU keep the frosting from be- 
ing brittle and breaking when cut 

9 How do you account for the use of cream of tartar in making fon 

dant (a kind of candy)’ The use of starch in com starch pud 
dings’’ 

10 How may you account for agar, a dried gel being used like cellulose 
to relieve constipation’ 
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11 As the carbohydrate molecules become larger and more complex in 

structure how are their properties changed? 

12 How may the sweet taste of a solution containing sucrose be in 

creased? 

13 IVhy IS It that young vegetables but not old ones, can be made 

more tender by boding in the presence of baking soda? 

14 Compare and contrast in tabular form the properties of the poly 

saccharides, paying particular attention to taste, solubility, 
hydrolysis, and the iodine test 

15 IVhat are the medicinal values of Isctose"^ 

16 How does the digestion of the disaccharides and polysaccharides by 

enzymes dilTer from hydrolysis produced by dilute nonoxidizmg 
acids’ 


aldose 
ketose 
Bsymmetnc 
henucellulose 

III Topics pob Oral or Written Reports 

1 Industrial Uses for Cellulose 

2 Insulin to the Rescue of the Diabetic 

3 Sugars m Xutntion 

4 Natural Fibers vs Synthetic Fibers 


n Vocabulary Testing op New Terms 
carbohydrate disacchande 

saccharide fermentation 

polysaccharide alimentary glycosuna 

monosaccharide hydrolysis 


LABORATORY CHEMISTRY 
Laboratory esercues for this chapter will be found on page 720 
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ANIMAL AND VEGETABLE FATS AND OILS 


CHAPTER OUTLINE 


I Pats and On^ 

(a) General remarks 

(b) Occurrence ot tats and o£U 

II CoKPOSmON AKD Naturb 

(a) Glycendes ot tatty aada 

(b) Consistency of fata 

(c) Hydrogenation of fata 

III Properties oe Fats 
(a) Physical properties 

1 Greasy feehng 

2 Color 

3 Melting point 

4 Speofic gravity 

5 Sdubility 

6 Cmulsiflcation 


(b) Chemical properties 

1 Hydrolyze 

2 Saponify 

Soap 

Varieties of eoap 
Hymolal salts 

3 Assume a rancidity 

4 Decompose when heated 
6 Undergo oxidation 

IV Phtsiolocicai. Iufortakce op 
Fats 

(a) Function in the body 

(b) Behavior m the body 
(e) Asaunilation of fata 

V Other Lipips 

(a) Some complex and derived 
bpids 


L FATS AND OILS 


General Remarks: 

The animal and vegetable fats and oils make up a major division 
of a class of compounds of natural occurrence called lipids The 
following classification has been suggested 

(1) Simplehpids These are esters of the fatty acids with vanous 
alcohols (a) Animal and vegetable fats and oils (b) Waxes 

(2) Complex or compound bpids Made up of esters of fatty acids 
which contain groups in addition to those found m the simple 
lipids (a) Phosphohpids (b) Glycolipids 

(3) Derived bpids Hydroljrtic products formed from simple and 
complex lipids la) Sterols (b) High molecxilar weiglit fatty 
acids 

The hpids have the common characteristic of water insolubility 
They are, however, soluble m the so called fat solvents of which 
ether, diloroform, and carbon tetrachlonde are representative 

The major portion of this chapter is devoted to a study of those 
simple bpids which are known collectively as the animal and vege 
table fats and oils These constitute one of the three major classes 
of foodstuffs 
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Occurrence of Fats and Oils: 

'jFats are widely distributed among both the animals and plants. 
In animal organisms, specially in the higher animals, fats are 
foimd in all tissues, between the muscles, around all organs, in bone 
marrow (96 per cent) and in very large amounts in adipose (fatty) 
tissue that is directly under ttie skin. 



Fig, l—A Seething Man of Soap. Soap in the making Does any form of ioop 
oppeor In digeition? Covrfety, Swtff i Cempanf. 


Tallow from cattle, sheep, and horses; lard from the fat surround- 
ing the interior parts of the body (entrails); suet or the hard fat 
particularly about the kidneys; and butter from milk are our most 
important animal fats. In plant organisms, liquid fats called “oils” 
are found in the seeds (embryo), roots, and fruits. Vegetable fats 
occur in abundance in cottonseed oil (Wesson), linseed oil, palm 
oil, oJive off, coconut off, p^nut off, coin off (Mazois), and many 
others The seeds of cereals are usually low m fat content smce 
starch takes the place of fat in the composition of such seeds. 

Vegetable fats (mostly soybean, cottonseed, coconut, and peanut 
oils) are used for prepanng butter substitutes, called margarines. 
Following hydrogenation (p 356) the fats are churned with pas- 
teurized, skimmed mUk. Addition of butter flavor (butyrin), 
vitamins A and D, salt and coloring dye gives a food which compares 
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Fig 2— Avocado Fruit h o R ch Source of Vegetable Fat The fat content of the 
ovocado IS os h gh os SO per cent Kow does (he avocado compare in calorie 
volue with other fruits* Courtesy ArgcwWvrol Experiment Stolon Umverstyof 
Flor do 


well With butter m odor, taste and food vaJue Today the pro 
duction of oleomargarines exceeds that of butter 


11, COMPOSITION AND NATURE OF FATS 

Fats contain the same three elements as carbohydrates, namely, 
carbon hydrogen and oxygen However, the hydrogen and oxygen 
are not present m the same proportion as in water, and the relative 
amount of oxygen in fats is much smaller than that occurring m 
carbohydrates The significance of this relatively small amount of 
oxygen is pointed out later 

Glycerides of Fatty Acids 

ft may be re'’alled that an ester is the result of an aTcohoI reacting 
with an acid 

C2H5OH + CHa COOH -> CHs COOC2H5 + HOH 

Alcohol Acid Eller Water 

Fats are also esters and may be considered to have been formed 
by glycerol, an alcohol reacting with fatty acids of high molecular 
weight The formula C3H5{OH)3, for glycerol shows that three 
hydroxyl groups may function m the formation of a fat, and smce 
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the fatty acids are monobasic, that is, each acid contains one car* 
boxyl group, — COOH, it foUowa that one molecule of glycerol will 
require three molecules of fatty acid to form a natural fat If 
we use R as the general symbol for the hydrocarbon radical or 
residue, and use the formula R • COOH to represent any monobasic 
acid, the relationship between glycerol and the fatty aads to form 
fats may be shown by the foUowmg equation. 


CHgO 

h“* C 

1 

CHO 

, 1 

H!-f3R«CO|OH ^ C 

1 

1 Faify odd 1 

CHjO 

Hi r 




/ 

Fot 


o 

R + 3 HOH 
O 


In the simple glycerides (esters of glycerol) the three fatty acid 
residues are the same If two or three kmds of fatty acid residues 
are present the glyceride is termed mixed 


-O— c— CuHj, 

o 


CH— O-C— CisHsi 

1 O 

I / 

CHj— O— C— C15H31 
Glyceryl palnllale (polmtbi) 
A simple glyceride 


CH?— O— C— C17H33 

1 / 

CH— O— C— C17H35 


CHj — O — C — C16H3] 

Glyceryl oleoitearepelm laf 
A mixed glycende 


In illustrating the general chemical characteristics of fats it is a 
practice to use the simple glyceride structure However, it is to 
be noted that for the most jiart the natural animal fats and vegetable 
oils are mixtures of mixed glycerides 

'Ihe fatty acids which are most frequently found m the glycendes 
of fats and oils are butyric, palmitic, steanc, and oleic acids The 
formulas for these acids and their glyceryl esters are mcluded in 
the following table 

• Evidence for this type of cleavage in cootrast to the usual behavior of acids has 
result^ from the use of the heavy isotope of o^^en as a togged atom 
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FATS DERIVATIVES OF GLYCEROL AND FAHY ACIDS 
TYPE FORMULA, CaHslOOC R)3 


Futty 

Acid 

1 

Formula of 
Fatty Acid 

Formula of 

Ester 

Name of Fat 

Occur 

rence 
of Fat 

Satu 





rated 

1 C.Ha.Oa Series 




Udtyric 

CaH,COOH 

CaH^tOOC CaHj)* 

Glyceryl bu 

Butter 




tyrateor bu 





tynn* 


Palmitic 

CisHaiCOOH 

CaHft(OOC C,»Hai)sl 

Glyceryl pal 

Palm oil 




mitate or 

lard 



1 

palmitm 


Steanc 

CitHssCOOH 

CaH»(OOC CitHssIs 

Glyceryl ste 

Tallow 




arate or 





stearm 


IJaaatu 





rated 

CaHsn-aOsSenee 




Oleic 

(one double bood) 

CaHatOOC CwHas)* 

Glyceryl ele 

Olive 


CiiHaaCOOH 


ate or olem 

oil 

Linoleic 

C«H3.,-40]Sene8 

CaHjtOOC C.tHsOs 

Glyceryl Imo 

Com 


(two double bonds) 


leate or 

otl 


CirHatCOOH 


linolem 


Linotecic 

C.Hs. sOa 

C8H,(OOC,,Hj*), 

Glyceryl bno 

Lmseed 


(three double 


lenate 

oil 


bonds) 





* The name of the e«ter I3 denved from the name of its acid by using the sufQx in 
for the final ic of the acid 


Some additional unsaturated fatty acids of mterest are Imoleic 
acid m cod liver oil, ncinoleic acid in castor oil, and chaulmoognc 
acid, a cyclic fatty acid, in chaulmoogra oil The ethyl ester of the 
latter acid was formerly used in the treatment of leprosy 

Consistency of Fats* 

All natural fats are mixtures of glyceryl esters, and their con 
sistency depends largely upon the various glycerides that are 
present For instance, olein, the glycende of imsaturated oleic 
acid, IS a liquid to — 6° C , while palmitm and stearm, the glycerides 
of saturated fatty acids, are sobds up to 65 5° C and 71 6® C 
respectively In other words, saturated fats are solids 
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The difference in the relative amount of ofein (unsaturated fat) 
will determine whether a fat is a solid, eemisohd, or a liquid (oil*) 
at ordinary temperatures. Thus olive oil with about 95 per cent 
olein is a liquid, while animal fats with less olein and a larger per- 
centage of the satiurated fats, palmitin and stearin, are solids. 
Mutton fat has a little olein, beef fat somewhat more, wliile pork 
fat contains considerable olein (65 per cent) and is of a much 
greasier consistency (Fig. 3). It is due to the relatively high amount 



Fig 5— fa/ h Ham end Baton. Why It park fgf gtaotter then matt entmet 
fold Cwrltty, W $ D*pt at AgneulM* 


of olein that the fat of cold blooded animals remains fluid at tem- 
peratures at wHch the fat of warm-blooded animals sohdifies. 
Human fat with 70 to 80 per cent of olein, about 15 per cent of 
palmitin, and B per cent of stearin melts between 20* C. and 25® C., 
and consequently is always a h'qiud at body temperature (37® C.). 


Hydrogenafton of Fafs: 

From the previous paragraph, it is evident that at ordinary 
temperatures (20® C.) vegetable fats contain a larger proportion 
of olein, and are in the liquid state, while animal fats with less of 
the olein and more of the palmitin and stearm are sohds By com- 
paring the formulas of stearic acid and oleic acid or their «tera, 
it is noticeable that olein differs from stearin by containing six less 
hydrogen atoms per molecule, and that oleic acid has two less 

• In general, the word o3 refers to any greasy ieehog substance such as the natural 
fats as«r«U as to subetanesa not chemieallyrelsi^ to the natural fats, such as mixtures 
of hydrocarbons (mineral oda), and to cy^ compounds of plant origin (oU of winter- 
green, cvl of lemon) It is customary to tsta the term fat when the substance is a solid 
at 20® C., and if a liquid at that tsmpentttm to regard U aa an oiL 
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Pt9 4— Hydregenotion of Vesetobl* Oil*. Hydrogeneiion changes ee»OR*eed 
eit Into Crti«o, and coconut and peonut oil into butter subilltutet (nut margorlnet) 
Whot makes this reaction possible’ Courtesy, Prozter S Gombfe Co 


Actds Ester 

Steanc. C17H36 • COOH Steann, CsHs(OOC • CstHs#)* 

OJ«c, CirHas • COOH Olein, CaHjCOOC • CirHaa)* 

hydrogen atoms than steanc add. A similar difference of two less 
hydrogen atoms between ethane CzHe and ethylene C 2 H 4 was 
explained (p. 270) by assuming that the carbon atoms in ethylene 
have a double bond between them This implies then that olein, 
like ethylene, is an unsaturated compound, that it contains a 
double bond, and is therefore capable of forming addition products 
From this it is possible to understand how the addition of hydrogen 
atoms may convert liquid fats (unsaturated) into solid fats (satu- 
rated). Such a change of olein to stearin is accomplished by beating 
olein under pressure (225 lbs at ISO^C.) with hydrogen in the 
presence of a catalyst (finely divided nickel). 
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Hardening ef an oil 

C3Hs(OOCCi7Ha3)3 + 3H2 y C3H5(OOCCi7H35)3 

Olein fM P = - 6‘J Steorln [MJ> -» 7J 6') 

Uniaiuralad fat fliqud) Sohifaled fat (nlid) 

This reaction, known as hydrogenation, makes possible the manu- 
facture of edible lard substitutes such as Cnsco and Spry from 
cottonseed oil and other vegetable oils The hydrogenated oils are 
particularly well adapted for deep fat frying In the commercial 
hydrogenation of vegetable oils not all of the unsaturated content 
IS converted to saturated, to do this would give a product too hard 
and brittle for use as a shortening in cooking Today’s shortenings 
are hydrogenated only sufficiently to eliminate the more highly 
unsaturated molecules which are responsible for poor keeping 
quality Hence the resultant product, a soft solid, contams a 
considerable proportion of unsaturated glycende 
It IS because of unsaturation that certam fats absorb odors 
Lard, for example, quickly absorbs an odor from frying fish, and 
butter absorbs odors from bananas and omons This property of 
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absorption on the part of unsaturated fats is used to commeraal 
advantage m extracting valuable perfumes, as rose oil from roses 

In general it is to be remembered that unsaturated fats, m con 
trast to the saturated ones, are liquids Like the unsaturated 
hydrocarbons the unsaturated glyi^ndes form addition products at 
the double bonds, the most important of these bemg the addition 
of hydrogen 

SELF-TESTING QUESTIONS 

1 What IS the pnncipal function of a fat*' 

2 Where are the fats found tn ammala and m plants^ 

3 Name four important animal fats 

4 How IS oleomargarine made^ 

5 What IS a fat chemically? 

6 Name the three moat common fatty acids entering mto the composition 

of natural fats 

7 How do you account for the difference in the consistency of fats'' 

8 Why are some fats greasier than othera*' 

9 How do the fats of the cold blooded animals differ £'om those of warm 

blooded animals in composition? 

10 What IS an unsaturated fat^ 

11 How IS hydrogenation accomplished^ What is the advantage of hydro 

genatiOQ? 


(II. PROPERTIES OF FATS 
Physical Properties of Fats: 

Even though fats vary m their consistency they bear a much 
closer resemblance to each other m their physical properties than 
they do jn their chemical behavior As a group, they show the 
foUowmg similarities 

Greasy Feeling Fats are characterized by having a shppery, 
greasy feehng, and when m contact with many substances, pene- 
trate them and produce grease spots On paper, a grease spot be- 
comes translucent, which serves as a simple physical test for a fat 

Color Fats and oils when pure are colorless, odorl^, and taste 
less, but when obtained m the natural form they may range m color 
from a yellow to a red Natural oils generally are of a yellowish 
color because of the presence of a yellow fat soluble pigment How 
ever, some vegetable oils, like olive oil, may have a green color due 
to the presence of the green pigment chlorophyll Natural fats im 
part flavor to foods and make them more palatable The taste of 
butter is m part due to the compounds produced by bactena dunng 
the npenmg of the cream 
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Melting Point Since a fat is a mixture of glycerides of different 
fatty aads the melting point is not very sharp alowmeltmgpomt 
indicating the presence of glycerides of unsaturated fatty aads 
Specific Gravity Fata are lighter than water, their specific 
gravity being fairly uniform (0 86) m solid fate, but showing a 
greater vanation m liquid fate (0 91 to 0 94) 

SoLUBiLnr With such a small amount of oxygen in proportion 
to the large amount of carbon and hydrogen, fate closely resemble 
the higher hydrocarbons m their waxy nature, solubihty, and in 
activity The most charactenstic physical property of those fate 
formed from the higher fatty acids is that they are readily soluble 
m ether, chloroform, carbon tetradiloride, gaaohne, and boihng 
alcohol, but are insoluble m water However, butynn and other 
glycendes of the lower fatty acids are very shghtly soluble m water. 
Fats are also soluble in eadi other Of the fat solvents used for 
removmg grease stains carbon tetrachlonde (Carbona) and tn 
chloroethylene are the safest smce they are not flammable (p 278) 
Emulsification With water, fate give an emulsion only after 
vigorous and prolonged shaking T^e emulsion, however, is only 
temporary unless some colloidal substance such as soap, deztnn, 
or albumin is present Then tbe colloids form a film on the surface 
of the tmy, dispersed fat globules and prevent them from running 
together to form larger globules of fat that ordmanly would separate 
out on top of water An emulsion of oil suspended in this way m 
water has a milky appearance Emulsification of fate in the in 
testmes, a very important function of the bile, is of the greatest 
physiological importance smce only m that condition are fats 
digested m the intestmes Furthermore, the fat that is earned 
by the blood to the cells is m the form of an emulsion 

Chemical Properties of Fats* 

Although the chemical properties of the fate are few, still they 
are of deaded interest and importance as may be noticed from the 
following 

1 Fats Hydrolyze The most important and characteristic 
reaction of fata is hydrolysis, smce by this reaction fats are spht 
up agam mto glycerol and fatty acids 

C,Ha(OOC • Ci7H35)3 + 3 HOH C,H5{OH)3 + 3 CijHst COOH 

Fat Slaom Gl/carol Iniolubla fatty odd 

'Hub reaction is important because all fats in tbe course of digestion 
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hg 6— A three story soap kettle where 150 Ions of f ots e Is ond soda are bo ted 
at a time The glycerne drawn off at the bottom has whot important uses In the 
hosp fal* Courlesy Procter & Gombte Co 

go through this same change (p 370) In the body, hydrolysis of 
fata la accomplished by enzymes, especially steapsm (pancreatic 
bpase) 

2 Fats Saponifv If in place of water m the foregoing equation 
an morganic base, as NaOH, is heated with a fat glycerol and the 
metallic salt of a fatty acid are formed 

CsHslOOC CnHa&ls + 3 NaOH CsHstOHls + 3 CnHssCOONa 

Fgl Glycerol Metalfe salt (leepf 

The metallic salt is a soap, and the process of reacting a fat with 
an alkali to form a soap is called sapontfication In this reaction of 
fats it IS believed that the base first catalyzes hydrolysis and then 
reacts with the insoluble fatty acids formed to make soap 

Soap Soap was first made by boiling fats of animals with the 
alkaline substant^ estracted from the ash^ of wood If the alkali 




362 


Organic Chemisfry 


used in soap making is sodium hydroxide sobd or hard soaps are 
formed, but if potassium hydroxide is used, semiliquid or soft 
soaps are made Only these two metalhc soaps are soluble in water 
and hence are the only ones that have any practical value m makmg 
lather for cleansing purposes The glyixrol formed m the prepara 
tion of soap is left in many commercial soaps as it has beneficial 
action on the skm and makes the soap transparent However, 
dissolved soap (colloid) may be salted out from a soap solution by 
adding common salt, and the glycerol separated from the spent lye 
solution by distillation with steam This precipitating action of sdt 
water helps us understand one of the difficulties in obtaixung a 
lather with sea water On the other hand, when a soluble soap is 
used in hard water a chemical reaction takes place between the 
soluble soap and the minerals (p fl2) in the water to form an in 
soluble curdy precipitate of calcium and magnesium soap 

2 CnHaaCOONa + Ca^, SO* — » 2 Na+ SO*- + (C,7H38COO)2Ca 

SelubUiOQp Mineral Intolubl* leep 

Since soap is used up m precipitatmg the calcium ions, a suds will 
not form unCd the calcium ions are removed This explains why 
hard water la first softened by the addition of some cheap softening 
agent, such as washing soda (sodium carbonate), tnsodium phos 
phate, or borax (p 84) The calaum or magnesium ions are pre- 
cipitated as insoluble carbonates, phosphates, or borates 

2Na+ COj- + Ca++, SO*- 2Nq+, 50*“ + C0CO3 i 

If sufficient soap is used, hard water will become soft, but as a 
eoftemng agent soap is expensive A further difficulty with hard 
water la that the sticky precipitate of msoluble soaps adheres to 
objects and is difficult to remove 

Varieties of Soap 

Scouring Soaps These are largely abrasive material, as fine sand 
pumice and infusonal earth held together by about 10 per cent 
of soap 

Green Soap This soap used m the hospitals 13 a soluble soft 
soap m alcohol, molded and dned 

Germicidal or Medicated Soaps These types (carbobc, Lysol, 
mercunc chloride) frequently have an uritatmg effect on the skin, 
and it 13 questionable whether they are as serviceable as claimed 
Soaps containing hexachlorophene (Gamophen, Dysept pHisohex) 
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Rg 7 — The Scrub Up To prevent infection jtfict asepsis must be prael ced m 
hospitals One drop of soap to one thousand drops of water will k II germs which 
cause many diseases What ore some of these diseases^ Courtesy Monsonfo 
Moga2/ne Moffson/o C.*jem eol Compony 


are gaining in popularity as surgical scrub up soaps and toilet soaps, 
because they not only have pronounced bactericidal effects, but 
also are nonirritating Crdmary father made in washing the hands 
with any soap has considerable genmcidal properties, as the lather 
itself is quite effective against all germs except the typhoid germ 
and the staphylococcus organism • 

* The germicidal action of Boaps on Bucb organisms as the etreptococcus meningococ 
cus gonococcus pneumococcus cholera and diphtheria bacilius is due primarily to 
the colloidal properties of the Boap the abih^ of the soap solution to lower surface ten 
Sion the temperature of the soap solution the absence of the foreign material (albu 
tmnous) which interferes with the germicidal action the diffusible or dialyzing power 
and the fatty acids present In using soap in pure water the soap first dissolves and then 
partially hydrolyzes. Diasio FA, Genmcidal Value of Pure Soap Afedical Ilen«w 0/ 
Revuwi, Aug , 1934 
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In using soap m pure water the soap first dissolves and then 
partially hydrolyzes 

CivHa&COONa + HOH ?=i NoOH + C17H36COOH 

S«op Ituolubis 

fatty odd 

The fetty acads do not precipitate but stay m a colloidal condition 
Soap solution, then, is really an alkaline colloidal dispersion and its 



Pg 8— Tetf ng Soap FfFocI on Sk n Woman here took their left arms in one 
soop tolul on and r ghl am* m a second soop solution. After o meosured nterval 
the forearms ond hands are exemned to compare the effect of varous soaps 
on the ikm Why ore some soops trr toting to the shn? Courtesy Procter 4 
Gofflbfe Co 
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cleansing power is due to the fact that when soap is rubbed upon 
the skin or other surfaces the coUoidal particles pick up (adsorb) 
the dirt, and transfer it to the films that surround the air bubbles 
which compose the suds or foam Any oily substances present are 
broken up by the rubbmg to form mmute droplets that become 
surrounded with films of soap to form a stable emulsion which is 
washed away The deansmg power of a soap suspension is due to 
its adsorbing and emulsifying powers The most important use of 
soap is to wash and yet not imtate the skin Good hand soaps 
contam no free alkali to imtate the skin, the word "free” meanmg 
any excess sodium hydroxide not used m the saponification How- 
ever, many cheaply made soaps contam sufficient free alkah to 
imtate the skin and to have a detenorating effect upon silk, wool, 
and linen Another pomt to remember is that the price paid for a 
soap do^ not guarantee its quality, smce price depends to some 
degree upon the perfume and pigments added Some of our cheap 
toilet soaps with no color or perfume may be even better than some 
of the more expensive brands 

Floating Soaps' These contain air beaten into them while m a 
pasty condition 

Washing Powders These powders contain the water softeners 
(trisodium phosphate, sodium carbonate, borax, or sodium hexa 
metapbosphate) and soap The mixture is melted, dried, and then 
pulverized 

Yellow Laundry Soap This type of soap usually contains the 
"filler” rosin, and an excess of sodium hydroxide (lye), a very un 
d^irable mgredient in hand soaps Such soaps have strong cleans 
ing properties 

Zinc Stearate This insoluble soap is a white dustmg powder of 
importance for babies m that it has antiseptic properties and does 
not adsorb water like other powders do However, smce the dust 
of zinc stearate is imtatmg to the mucous membranes, care should 
be exercised when using it 

Another Type of Detergent {Hymolal Salts) Research m apphed 
chemistry has produced a new type of detergent (Dreft, Drene) 
from higher alcohols, sulfuric acid, and caustic soda The mterest- 
mg thing about these salts is that they overcome two basic weak- 
nesses of soap by not formmg insoluble salts with calaum, mag- 
nesium or iron ions, and not leavmg a soap film on clothes or dishes 
bemg washed They produce an excellent lather even in hard 



366 Organic Chemisfry 



Rfl. 9— Synrtmlc defergent oJ left produce* suds in herd water while ordinary 
soap at the right forms (nsotubte curds. The votue of detergents fi limited to what 
two moin foctj? CourJesy, Ov Potif Co. 


water. * For this reason these detergents are used in dentifrices and 
shampoos, and because they do not form alkaline solutions as do 
soaps they are fine for washing delicate fabrics which ordinarily 
might be injured by soap. 

3, Pats Become Rancid: Upon long exposure to air, many xui- 
saturated fats turn yellow, acquire an unpleasant taste, and develop 
free fatty acids to become randd, a general term referring to any 

* These new detergents, called hymolal nits, are made as follows* 

I. IlydrogeoatiDg a fatty add as lanric add from cocoanut oQ into an alcohol 
CHj(CH*)io*COOH + 2 H»-*CHj(CJr*>ioCH*OH + HjO 

II. Sulfonating the alcohol into an sod sulfate 

CKaCCHalioCHjOIt + KaSOs — CHiCCHslioCHsHSOs + HjO 

III. Neutralizing the add sulfate to a neutral sodium salt 

CHsCCHslioCHaHSOs -t-NaOH — CHjICHslioCHjNaSO* + HjO 
In bard water solubon a soluble ralriiim salt is fonaed 

2CHs(CH»)ioCH»NaSO« +Ca(HCOa)iT*(CH*(CHshoCH2SO«laCa + 2NsHCO* 
Sodium lauryl sulfate Caldom Calaujn lauryl Sodium 

bicarbonaia sulfate bicarbonate 
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objectionable odor or taste This rancidity is the result of a hydro- 
lytic change with the production of unpleasant smelling volatile 
fatty acids, and of the oxidation of unsaturated fatty acids with the 
formation of volatile aldehydes, shorter chained acids, and ketones 
Rancidity, as in butter, not only may be due to exposure to air with 
the development of butyric acid, but also may be due to bacterial 
action upon impurities present Smce many foods such as bacon, 
cookies, peanuts, and potato chips are nch m fats, it becomes im 
portant to know how to prevent fats from becommg rancid Expen 
ment has shown that the acid formed dunng hydrolysis tends to 
act as a catalyzer m speedmg up the reaction, also that the catalytic 
action of enzymes present is affected by temperature Smce both 
hydrolysis and enzyme action are relatively decreased by lowenng 
the temperature, fats and foods ndi m fat should be kept in a 
cool condition 

4 Fats Decompose When Heated — Acrolein Test When 
fats are strongly heated (300* C ), either alone, as in frying, or m 
the presence of a dehydratmg agent like potassium hydrogen sul 
fate, they undergo hydrolysis The glycerol which is released then 
undergoes dehydration to form acrolem, an unsaturated aldehyde 


CHz dH\ 

I '• : 

CH '0;Hj 
H— c Ch/o \H'' 

Cljr<erol 


KHS04 

heat 


CH2 

I! 

CH + 2 H O 

I 

CHO 






The presence of acrolem is recognized by its imtatmg effect on 
the mucous membranes of the eyes, nose, and throat, and by its 
acrid odor where grease has caught fire, or when meats have been 
broiled or roasted at too high a temperature 

As the glyceryl radical is a part of all common fats, this forma 
tion of acrolem may be used as a standard chemical test for fats 
and glycerol 

5 Fats Undergo Oxidation Fats are composed of hydrogen, 
carbon, and oxygen and like the carbohydrates yield carbon 
dioxide and water when completely oxidized Smce glycerol is a 
common constituent of all fats, and is a tnhydnc alcohol, the 
oxidation reactions of fats and oils show all the chemical reactions 
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of the primary and secondary alcohols Some of the mtermediate 
oxidation products are shown m the following diagram 


CHsOH 

! 

c = o 



Clye»re( CHOH 


i 

CH2OH 

afdthfdt 


COOH COOH 

! 1 

CHOH CHOH 

I o I 

CH2OH f COOH 

Clyctrle Torirwile 

otfd aeld 


As mentioned in the chapter on Oxygen, oxidation of fats m the 
body IS accomplished at comparatively low temperatures because 
of the presence of certain cal^ytic agents At the proper kindling 
temperature fata and oils bum In fact, fats are frequently used 
commercially as a source of heat and light Because of the greater 
chemical activity of unsaturated compounds, unsaturated fats at 
ordinary temperatures, even in the absence of a catalyzer, on ex 
posure to air slowly combine with oxygen This process, called 
auto oxidation, is involved in rancidity of fats, drying of oil paints 
or vamishea and m the fat changes in body cells 

SEIF-TESTING QUESTIONS 

12 la what five Sttportant ways are fatasiauJar in their physical properties? 

13 What IS a simple physical test for a fat^ 

14 Name five solventa for fate What fata show a very slight solubility >0 

water’’ 

15 How da colloids make peemaaent emulsions’ 

16 Why IS emukification of great physiological Unportance’’ 

17 What are the products of hydrolysis of fats? 

18 What causes hydrolysis of fats in the body’’ 

19 What IS saponification? 

20 Name two eoluble soaps 

21 What 13 a aoap’’ 

22 How may soap and glycenn be separated? 

23 What chemical reaction takes place when soap is dissolved m hard 

water’ 
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24 How aie the following soaps made green soap, scouring soap, ger« 

micidal soap, Soating soap, washing powder, yellow laundry soap? 

25 How do you account for the germicidal properties of ordinary lather’ 

26 To what two factors are the cleansing properties of soap due’ 

27 How do you account for some fats bemg colored and having a rancid 

odor’ 

28 What IS a chemical test for a fat’ 

29 How does burnt fatty food affect digestion’ 

30 How do you account for oxidation of fat in the body at such a low 

temperature’ 


IV. PHYSIOLOGICAL IMPORTANCE OF FATS 
Function of Fats in the Body: 

From a physiological standpoint the fats are of great importance 
m the following ways 

As A Fuel Fats are heat producers, and for this reason they 
have a greater part m the diet during the winter than they do 
durmg the summer The Eskimos m the far north consume large 
amounts of fats because they need the heat produced Fats are 
very poor m oxygen, but rich m carbon and hydrogen Con 
sequently fats possess a large amount of latent chemical energy, 
and take up much oxygen to release correspondmgly large quanti 
ties of heat Smce one of the important functions of foods is to 
keep the body at a temperature which is ordinarily above that of 
the air, fats take first rank among all foods m this respect, and 
therefore are extremely helpful m preserving ammal life 

It IS mteresting to note agam that 1 Gm of fat produces as many 
Calones (9 3) of heat as 2 Gm of a carbohydrate or protem in oxi- 
dation There is available little information concerning the human 
requirement of fat An average liberal diet for a man contains 
about 90 Gm of fat every day 

As A Reserve Fuel Supply The fat content of the body cells 
varies and it makes up as much as 90 per cent of some adipose 
tissues, where it serves as a concentrated reserve supply of chemical 
energy that is available when needed by the body Ordmanly 
glycogen acts as a reserve supply of energy, but when it is used up, 
as m starvation, the body begins to bum its own fat as a fuel Too 
much fat storage, however, interferes with the body’s functioning 

As AN Insulator Against Loss of Heat Because fat conducts 
heat very poorly, adipose tissue becomes a very good insulator for 
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the ammal, and thus prevents an undue loss of heat through con 
duction from the surface of the body The bodies of amniflla hving 
in the far north are saturated with fat which provides them with a 
reserve supply of fuel and a warm coating that conserves body 
heat Corpulent people retain their body heat and withstand cold 
weather much better than thin people 
As A Protectino Agent Smce the fat of the body is deposited 
around the abdormnal organs and fills out the body structure, it 
serves as a support and a ‘ shock absorber ’ against mjury That 
fat does act as a supporting structure is evidenced by the fact that 
a saggmg of the viscera is more noticeable m thin people than m 
fleshy people Furthermore the fat protects the gangha of nerve 
cells (autonomic), which regulate the normal functions of the ah 
dominal viscera and m this way partially accounts for the insus 
ceptibihty of fleshy people to imtation and indigestion 
As A Cezx Constituent In addition to fats there is present 
m animals a certain proportion of fat like substances classified as 
complex lipids 

Behavior of Fois in the Body 

Hie ingested fat continues essentially unaltered imtil it reaches 
the intestines where the greater part of it is emulsified by the bile 
and then acted upon by pancreatic lipase (steapsm) which hydro 
lyzes the fat into a fatty aad and glyrerol 

CsHsCOOCCitHssIs + 3 HOH 3 CnHss COOH + CsHslOHls 

n) intolubls otid G/e»In 

The glycerol is absorbed directly but the insoluble fatty acada 
cannot be absorbed as such Hiey combme With the bJe salts to 
form complex substances which are absorbed In the final stages 
of this process the fatty aads are released from the bile salts and 
enter into reaction with glycerol to produce body fats 

C3H6(OH}a + 3 CirHss COOH CjHsCOOCCuHasla + 3 HaO 
fet 

These fats pass by the way of the lymph mto the blood In the 
absence of bile very httle absorption of fat takes place, as evi 
denced by the increase of fat in the feces when for any reason the 
bile does not pass mto the intestmes At such a time the colormg 
matter of the bile distributes itself throughout the body, colormg 
the ffVin yellow and giving nse to the disorder known as jaundice 
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Nourishment for such patients should consist largely of carbohy- 
drates and proteins, and the amount of fat should be restricted 

Assimilation of Fats: 

After absorption of the chyle by the mtestinal mucosa the fatty 
acids and the glycerol recombme to form body fats which pour 
from the lymph vessels mto the blood, and m the form of emul- 
sions are earned to the cells where they are oxidized All fats in 
excess of the amount required by the body for immediate energy 
are deposited as adipose tissue, which serves as a storehouse of 
available energy The amount thus stored constitutes the major 
portion mgested Body fat is permeated with a network of blood 
vessels which make it immediately available for use An excessive 
amount of fat, of course, requires a greater number of blood vessels, 
and causes a stram upon the heart m foremg the blood through 
these veins 

A person who eats very much sugar, such as candy, is apt to 
become fat, for sugar (carbohydrate) m excess of that needed at 
the tune is changed to body fat In order that the fat may be 
oxidized in the body it is necessary to have blood sugar present 
Blood sugar is normally present m sufficient quantities, but is not 
available when the pancreas fads to secrete sufficient msulm, which 
is necessary for both the storage and oxidation of glucose Without 
msulm there is an mabihty to "bum” glucose, giving nse to a high 
sugar content which soon reaches the threshold pomt, then sugar 
begms to filter through the kidneys mto the unne This condition 
IS called diabetes, it vanes with the individual Diets based on 
carbohydrate tolerance are used extensively in this disease The 
available carbohydrate comes from 100 per cent of the carbo 
hydrate, 58 per cent of the protem, and 10 per cent of the fat eaten, 
and IS so figured m making a diabetic diet It should be understood 
that a diabetic may eat any kmd of food provided his sugar toler- 
ance IS considered Every diabetic does not need msulm, since the 
need for insulin depends on the sugar tolerance 

In diabetes, wherem there is a faulty metabolism of sugar, the 
fat m the blood is often mcompletely oxidized and certam fatty 
acids are formed which produce ffie aad condition known as ketosis 
Acidosis results then, when ttie alkaline reserve of the blood and 
body is used up at a faster rate than it can be formed in taking care 
of the acids produced Oxidation of these acids produces acetone, 
which IS frequently found in the unne of diabetic patients, and 
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sometimes as a sweet odor on their breath Acetone and the fatty 
acids, butync acid, beta hydroxybutync, and acetoacetic acids, are 
often referred to as "acetone bodies ” Since the mgested sugars are 
not oxidized, the diabetic is not supplied with sufficient energy, but 
this condition may be remedied by the subcutaneous injection of 
insulin • Ketosis is often produced m normal individuals by feeding 
a diet high in fat and low in carbohydrate and protem In epilepsy, 
many patients are improved by an acid condition and such a diet 
nch m fat has been employed extensively in the treatment of this 
disease 

Fats will be discussed further m the chapter on Metabobsm 

SELF-TESTING QUESTIONS 

31 Name five importast physieloeical functions of fats m the body 

32 Why do fats yield correspondingly larger quantities of energy than 

carbohydrates'’ 

33 Explain the chief chemical changes taking place in the passage of m 

gested fat to body fat 

34 What emulsifies ingested fata^ 

35 What causes jaundice? 

36 What conditions are necessary for ondation of fat? 

37 What are the functions of insulin? 

38 What IS acidosis and how is it caused'’ 

39 How is a diabetic diet figured^ 

V, OTHER LIPIDS 
Some Complex and Derived Lipids* 

Waxes, like the animal and vegetable fats and oils which have 
jUst been corsidered are classed as simple Ijpida In chemical 
structure the waxes are esters which are denved from high molecular 
weight fatty aads and high molecular weight inonohydric alcohols 
These compounds come from both animal and vegetable sources 
and representative ones are beeswax, lanolm spennaceti, and 
camauba wax Beeswax is to a large degree myncyl palmitate and 
ester, formula CisHsiCOOCsiHoj 

The compound lipids include phosph^ipids (phosphatides) and 
glycohpids Substances of this nature, when hydrolyzed give some 
product or products along with alcohols and f^tty acids Thus the 
glycohpids upon hydrolysis give a carbohydrate usually galactose, 
as one of the decomposition products GJycolipjd structures exist 

* Siocs insulm is s protem and u capable of digeation it mugt be Injected bypo 
deniucaUy into tbe blood stream 
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m bram tissue and for this reason have acquired the name cere- 
brosides 

The lecithins are important phospholipids Upon complete 
hydrolysis these complex esters yield glycerol, fatty acids, phos 
phone acid, and a nitrogen base called choline The latter substance 
has physiological significance since it prevents the accumulation of 
fat in the liver, and has the ability to lower blood pressure Choline 
IS also classed as a vitamm The structure of a typical lecithm 
follows 


O 

// 

CHt-O— C— C,7H35 

I o 

1 /- 

CH— O— C— Ci7H33 

1 o 

I / 

CHt— O— P— O— CH 2CHir“N(CH3)3 
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H 

The leathin pictured here if subjected to a complete hydrolytic 
breakdown would yield glycerol, steanc acid, oleic acid, phosphoric 
aad, and choline, HO — CHaCHa — ^N(CH3)3 In the body the 

I 

O 

H 

lecithins play a part in the transportation of fat and m fat metabo 
Iism, they may also serve as a source of phosphoric acid In food 
mdustnes the lecithms are widely used as emulsifying agents 
Closely related to the lecithins are the cephalins In place 
of the cholme, which is a part of the structure of a lecithin, the 
cephahns have other nitrogen bases, frequently ethanolamine, 
HO— CH 2 CH 2 — NH 2 

Associated with body fat as primary ceU constituents are esters 
denved from fatty aads and complex cyclic alcohols called sterols 
Such structures are classified as derived lipids, they have wide 
occurrence m both the plant and aiumal kingdoms '^o sterols of 
considerable importance are cholesterol and ergosterol Cholesterol 
is present m the blood m a concentration which ranges from 140 
to 200 mg per 100 ml of blood serum Like the phosphatide. 
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lecithin, it 18 apparent that cholesterol also plays a part m regu 
lating fat metabolism With advancing age, cholesterol can be a 
contributmg factor, if not the cause of arteriosclerosis Certain 
hormones, and also vitamin D, are stnicturally closely related to 
cholesterol 


SELF-TESTING QUESTIONS 

40 What are phoaphatidea? 

41 How do phosphatidea resemble ordinary fat id physical and chemical 

propertiea*’ 

42 In what ways are phosphatidea important? 

43 What uterest la attached to cholesterol and er^osterol? 

SUGGESTED ACTIViTIES 

I TnoucKT Provoking QcresnoNs 

1 Why IS a fat referred to aa a tnglycende'^ 

2 How are fata and soaps related to fatty acids? 

3 What IS meant when it is stated that body fat is always m a hquid 

conditioQ at body temperatiae^ 

4 Why would hydrogenation be of great economic and commercial 

importance during war tunes? 

5 What chemical reaction would take place if salad dishes containing 

vinegar or acid foods were put m soapsuds*’ 

6 Why IS there a greater variation in tbe apecifc gravity of liquid 

fats than m solid fats? 

7 Starting with fat. wnte tbe equations to show bow nitroglycenae 

may be made 

8 Why should goods washed in cheap laundry eoaps be thoroughly 

rinsed? 

9 Upon standing exposed to tbe air, butter becomes rancid What 

chemical reaction has taken place*’ 

10 What is the dilTerence in composition between natural fats and 

phosphatides? Between natural fata and sterols*’ 

11 Why is it that ouons cooked id fat have a different flavor than 

when cooked in water? 

12 Which IS more desirable for pastry makmg a saturated or partially 

unsaturated fat? Why? 

13 What are the precautions and reasons you would give in pre 

serving butter? 

14 In what way would a knowledge of the pM value of a fat be of 

some value? 

15 Linseed oil contains the glyceryl cater of Imolemc acid the formula 

for which IS CitHisCOOH 

(а) What IS the general senes formula which includes this scid? 

(б) How many double bonds are present? (c) Why does linseed 
oil dry more quickly tban many other unaatiirated fats? 



Anfmal and Vegefabh Fafs and O/ls 


375 


II Vocabulary Testing of New Terus 
glycobpids Moline 

phosphoLpids cepbaliDS 

leothina fat 

sterols saponification 

III Topics for Oral and Written Reports 

1 The History of Soap Making 

2 Varieties of Soap 

3 Theones Concerning the Cleansing Action of Soap 

4 Germicidal Value of Pure Soap 

5 Edible Fats and Oils 

6 Relationship between Fat m the Diet and Cholesterol 

LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found on page 725 


soap 

hpid 

phosphatides 

ketosis 
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PROTEINS 


CHAPTER OUTLINE 


I OCCUBBENCE, FUNCTIONS, FORMA 
TION AND COUPOsmON 

(a) Occurrence and functions of 

proteins 

(b) Formation of proteins 

(c) Composition of proteins 

II. Aiunes 

(a) Physical properties 

(b) Chemical properties 

(c) Quaternary ammonium com* 

pounds 

in Amino Acids, the Stbuctubal 
Units op Proteins 


IV PRopESTiEa OP Proteins 

(a) Physical properties 

2 Solubility 

3 Colloids 

(b) Chemical properties 

1 Heat 

2 Precipitation 

3 Hydrolysis 

4 Color testa 

5 Frotem swelling and 
coagulation 

B Nitrogenous fibers 

V CLASSmCATION OP PROTEINS 

(a) Simple protems 

(b) Conjugated proteins 

(c) Denved proteins 


(a) Chemical properties VI Assimilation op Proteins 

1 Amphoteric action 

2 Reaction with oxygen VII Recent Protein Ressabch 


I. OCCURRENCE, FUNCTIONS, FORMATION, 

AND COMPOSITION 
Occurrence and Functions of Proteins: 

Proteins exist in all living matter. They form the most important 
and most characteristic constituents of all hving cells, and are 
present in all fluids of the body, except urine and bile Carbohy- 
drates and h'pids, the chief reserve sources of energy for body 
activity^ are also important constituents of tbe protoplasm, of the 
body cells, but are secondary to the proteins, which are the chief 
components of the active tissues Muscle tissues, for instance, are 
made up almost entirely of proteins and contain only small amounts 
of fats and carbohydrates. The word protein is denved from the 
Greek word meaning “to take first place ” The proteins make up 
an extremely important group of organic compounds 
Since protein substances are essential constituents of all living 
cells, m that they provide building and repair materials, it is very 
evident that both nnuna! and vegetable life are impossible without 
377 
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them Such organisms, however, may enst without food protema 
for a varying time but this period is one of existence rather than 
one of normal life A lack of protein lowers the body’s resistance 
to disease because without it, the normal amount of disease 
fighting antibodies is not produced in the blood 



F g 1 — Animal and Yegetoble Prole ns Kow do on mars and vegetables com 
pare os sources of d etory prole nf Coorfesy Nai onal Da ry Counc ! 


Proteins exist in both plants and animals, however, plants as a 
group contain very little protem exceptions being the legumes, 
nuts, and seeds Man denves a part of his proteins from such 
vegetables as beans, peas, nuts, and the seeds of grains (cereals). 
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but the larger part com^ &om such animal soxirces as meat, eggs, 
and milk products Animal sources yield very high protein values 
Although the same kind of carbohydrates and fats are foimd in 
both plants and animals, the proteins are not always of the same 
composition, and we must use a varied diet to get the difierent 
kinds of proteins necessary for the muscles, skin, hair, nails, blood, 
and tissues Gelatin, though cheap, is a poor source of protem 
because it lacks two important amino acids (t 3 T:osme and trjTito- 
phane), and as a sole source of supply would be qmte inadequate. 
Skim milk powder however, ^ an ext^Uent as well as a cheap source 
of protein 

The table below lists some common foods that are valuable 
sources of proteins.* In particular, notice the percentage of protem 
in peanuts, cheese, and beans 

Formotlon of Proteins: 

The cells of only a few of the plants have the power of taking 
free nitrogen from the air. The so called leguminous plants, which 
include clover and alfalfa, build their own proteins (o) from the 
inorganic substances, such as sulfates, phosphates, mtrates, am« 
monium compounds and water absorbed by the roots; (6) from the 
carbon diosidd taken from the air by the leaves; and (c) frnm the 
nitrogen of the air that is transformed by the nitrifying bactena 
of the roots into inorganic nitrogen compounds. 

* Chtmutry of Food and Nutntion, Sbenaaii, MaemOlao Co 


1 

Vegetable 

Protein 

Percentage 

(Approximate) 

Animal 

Protein 

Percentage 

(Approximate) 

Beans ('drie<fj 

22 ST 

[ Cheese 

250 

Corn meal 

92 

Gelatm 

17 9 

Nuts 


1 Eggs 

13 0 

Brazil 

17 0 

Meat 

16 0 

Peanuts 

Walnuts (California) 

258 

18 4 

j MOk 

33 

Oatmeal 

161 

1 Nore Milk 

19 an economical 

Peas (dried) 

246 

and readily available source of 

Wheat flour 

114 

protem, and m addition contains 
other growthfavonngsuhstances 
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Anunala also form the protem constituents of their own tissues, 
but cannot build proteins from sunple morganic substances, such 
as from the nitrogen of the air, or the mtrates and mtntea Animals 
must depend for their nitrogen upon the proteins of the food they 
eat, and because the food of nnim«lfl is obtained directly from plants, 
or from animals that hve upon plants, the plant is the real “pro- 
tem producer” of nature 

“Since animals must have proteins for the construction and 
repair of their own tissues, and since, broadly speaking, they cannot 
make their own proteins except from the cleavage or decom 
position products of other proteins, it follows that proteins are 
necessary ingredients of the foods of all ammals It must not be 
overlooked that in addition to their function as a tissue builder, 
the proteins are upon oxidation a source of energy, equivalent, in 
amount, to that produced by an equal weight of a carbohydrate ”• 

Composilion of Prolems: 

ITie proteins differ m composition from the carbohydrates and 
fata chiefly in that they contam the element nitrogen In addition 
to carbon, hydrogen, oxygen, and nitrogen proteins generally con 
tarn sulfur, less frequently phosphorus and a few other elements 
Smce the end products of oxidation of food proteins are acidic and 
decidedly so if the proteins contam sulfur or phosphorus, it should 
be remembered that m case of acidosis the more acid protems 
should be elunmated from the diet It is the presence of nitrogen 
which causes protems to be so important, and makes them an 
mdispensable part of the diet of every plant and animal 

The elements that make up proteins vary somewhat in the 
composition of the protem molecule The following table shows 
the variations m which these elements occxu 


Elements 

Extremes of Percentage 

Carbon 

SOD to 55 0 

Hydrogen 

6 0 to 7 3 

Oxygen 

19 0 to 24 0 

Nitrogen 

15 0 to 19 0 

Sulfur 

0 3 to 2 5 (when present) 


With a few exceptions the molecular weights and complete 
formulas of protems are still uncertam quantities The simplest 

• Chernt^ry of Fooi and Nutrition Sheraian MjeaJlJflo Co. 
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formula that may be calailated from analysis shows that the 
molecules of proteins are large and very complex. 

Recent experiment has shown that what were formerly thought 
to be protein molecules wth molecular weights around 15,000 
are, in reality, only fractions of their estimated molecular weights, 
and that molecular weights actually range between 43,800 (egg 
albumin), and 6,630,000 (hemoiqranm). Notwithstanding their 
complexity, an examination of various protein molecules shows 
that they are composed of fatty acids into the molecule of which 
has been introduced the amino group (NHs), to form a class of 
substances called amino acids. 


Fatty Acid 
CH3 

I 

COOH 

Aeelie acid 


1. What IS the c' 

2 What are the 

3 Why must a varied assortment of proteins be mcluded in our diet‘d 

4 Why IS mdk ooosidered as a good source of protein? 

5 What are the protein producers of nature'^ 

6 How do the proteins differ in composition from the carbohydrates and 

fats'? 

7 Chemically, how are the proteins formedv 

8 Define a protem from its chemical formation 

9 In what function are carbohydrates and proteins analogous*? 


Amino Acid Type Formula 

CHj — NHz (amino group) Hy yNHz 

I yK 

COOH (carboxyl group) ^COOH 

AminoaMiIe odd 


SELF-TESTINO QUESTIONS 
hief function of the proteins'? 
vegetable sources of proteins'? 


II. AMINES 

Before proceedmg with the study of the proteins it seems ad* 
visable to learn something about the nature of the amino group, 
— NH 2 , which characterizes the amino compounds, and whidi also 
is a characteristic group in all proteins. 

The simplest way of studying the aliphatic amines is (1) to con- 
sider them as substituted "ammonias” wherein one or more alkyl 
radicals have been substituted for hydrogen in the ammonia mole- 
cule, the classification dependmg upon the number of H atoms 
replaced. 
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H 

/ 

N— H 

\ 

H 


H 

/ 

N— H 

\ 

CHs 

MelhylarntnA 
(primary amine) 
charoderlied by 
am no group — NHj 


H 

/ 

N— CHs 

\ 

CHs 

0 malhylam no 
(tecondary amine) 
cboracteritad by 
Imnogroup ^NH 


CHs 

/ 

N— CHs 

\ 

CHs 

Trlmelliylamine 
(tert ary am ne) 
^aracterlzed by 

N— rad cal atfodied 
\ 

to 3 alkyl group* 


and (2) to consider their properties as being very Himilar to those 
of ammonia 


Physical Properties* 

From a physical standpomt, the simplest amines resemble am 
moma by being gases that have a somewhat similar odor and are 
soluble m water As the complexity of the molecules increases, the 
amines become liquids or sobds with a corresponding decrease in 
their solubility and m theur dammabihty 

Chemical Properties: 

1 Amines React With Water to Form Ionizable Bases 
Chemically, the ammes closely resemble ammonia, except for then 
combustibility Both ammonia and amines form weak bases in 
water Strictly speaking, ammonia does not become a base until 
it has umted with water to form ammonium hydroxide 


NHa + HOH ?zt NH4OH i=i NHi* + OH* 


In the same way an anune does not become a hose until it has 
united with water 


CH3 NHj + HOH rp± CH3 NHa OH CH3NH3+ + OH" 

Methyl amnon ura 
bydrould* 


2 Amines React With Acms to Form Ionizable Salts An 
ammo compound acts as a base, just as ammonia does m that the 
ammo compound ionizes and reacts with acids to form salts A 
comparison between the action of ammonia with an acid and an 
amine with an acid to form salts, m which the valence of nitrogen 
13 five, is shown in the foUowmg equations 
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NHa + HCI -¥ NH4CI -¥ NH4+ + C|- 

Ammonto Acid Soli 

CH3NH2 + HCI CH3NH3CI -¥ CH3NH3+ + C|- 

Mofhytam n« Acfd Satr 

3 Amine Salts Are Decomposed by Strong Bases Further- 
more, amines resemble ammonia m that the amine is hberated 
from its salts when heated with stronger bases 
NH4CI + NaOH KH 3 + HOH + NaCI 
CH 3 NH 3 CI 4- NeOH -4 CHe • NH 2 + HOH + NaCI 

Methylorntnontum M«thylainin* 

florid* goi 

From thia discussion it should be particularly remembered that 
the NH 2 group gives basic properties to a compound 

The aromatic amines, of whidi the simplest one is amhne, 
C 6 H 5 NH 2 , closely resemble the aliphatic ammes in classification 
and properties A number of compounds which have value ui 
medicine are denved from amlme and other aromatic amines 


SOME DERIVATIVES OF AROMATIC AMINES USED IN MEDICINE 


Amine 

Usee 

Acetanilide 

. Analgesic (relieves pain when given by mouth) 
Antipyretic (reduces fever temperatures) 

Arspbenanuiie 

(salvaisan) ' 

Specific for treatment of syphilis in all stages particu 
larly in pnmary stage 

Fhenacetin 

Antipyretic Commercial headache and neuralgia 
remedies 

Sulfa Drugs e g , 
Sulfanilanude 
Sulfadiazine 
Sulfathiazole 

Primarily In infections due to hemolytic streptococci 
but also effective in pneumoma and other infections. 
Active against nearly all true bactena 


Complex ammes are found to a considerable extent m nature under 
the name of alkaloids, compounds which have already been dis 
cussed (p 192) Ammes are sometimes formed in the body as the 
result of the action of putrefymg bacteria upon the proteins This 
gives nse to a class of poisonous substances called “ptomames ” 

NoTX An amide is an organic aad m which the OH of the COOH group has been 
replaced by as NHs group or it may be considered as NHs with one H replaced by an 
acyl group, B— C—O 
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Quaternary Ammonium Compounds* 

In recent years a number of synthetic quaternary ammomum 
compounds (so called because the nitrogen in the molecule is jomed 
to four carbon atoms) have been finding extensive use The cationic 
’'quats” are very effective germicidal and bactenostatic agents, but 
m this property they are inactivated by the presence of amomc 
detergents, soap, and protem contaimng substances making them 
ineffective m the presence of blood or pus Many hospitals use 
"quats” in vanous concentrations for a variety of isinfectant and 
antiseptic purposes, both on patients’ ftVm and mucous membranes, 
and on many types of equipment The quaternary ammomum salts 
are also effective cationic detergents 

III. AMINO ACIDS: THE STRUCTURAL UNITS OF PROTEINS 

With some understanding of the nature of the ammo group we 
are now ready to study the properties of the ammo acids, com 
pounds which are called the "building stones of the proteins ” 
Some twenty three different ammo acids connected with body 
chemistry are definitely known, of whidi number a certain few are 
absolutely necessary m our daily diet if life is to continue (p 611) 
In all, over thirty different amino acids have been obtamed as 
derivatives of the proteins Since all ammo acids are synthesized by 
the plant cell through a photosynthetic process it is understandable 
how dependent we are upon plant life for our vital protems 

Before proceeding with the study of ammo acids it is well to keep 
in mind that ammo acids are organic acids with an amino group 
(NH 2 ) substituted for a hydrogen atom m the alpha* (a) position, 
i e , on the carbon atom next to the carboxyl group 

The following list shows a aromoacetic acid the simplest of all 
ammo acids, a aminopropionic acid, the next simpler acid, from 
which all other ammo acids are structurally derived and the 
several different types of ammo acids 


AMINO ACIDS 

I One ammo group for each carhoxyf group 


CH2— COOH 


NHa 

{amlnoicetu* gcfd) 


CHa— CH— COOH 

I 

NH2 

Atoning 

(a omlnoproponic add) 


(CHalaCH— CH— COOH 

1 

NH2 

Volne 


• The Bnt caibon next to the »dd (COOH) group i* colled the olpha (o) carbon atom 
the eecond caibon atom u the beta Oh Uib gamma (r), and eo on. 
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HO— CH-.— CH— COOH 


HO— CH— CH— COOH 


CHs NHz 

Threonine 


(CH3)2CH— CH2— CH— COOH CHa— CH2— CH— CH— COOH 

I 1 I 

NHa C »3 NH2 

leucine Isoleucine 

CH3— S— CH2— CHsr-CH— COOH HS— CH2— CH— COOH 

! I 

NHo NH2 

Methionine Cyiteine 

HOOC— CH— CHz— S— S— CH2— CH— COOH 

I I 

NHa NHj 


<^^>— CHa— CH— COOH HO— a— CH— C 


NHs 

Phanylofemine 


NH2 

Tyrenne 


C— CHa— CH— COOH 

Li I 

\/\ C— H NH2 

\ / 

N 


H— C C— CHa— CH— COOH 

\ / I 

N NHa 


H2C — 

— CH- 
1 H 

HO— C- 

j 

lx 

j 

H2C 

C— COOH 

HzC 


\ / 

N 


H 


-CH2 

1/ 


\ / 

N 

{ 

H 

HydroxyproTine 
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I 



lodogorfforlc odd 


II Two ammo groups for each carboxyl group 


CH2— CHg— CHy— CHa— CH— COOH 

! I 

NHz NHz 

tysine 


CHa— CHz— CHa— CH— COOH 

I I 

NHa NHa 

Ornithina 


HN— C— NH— CHa— CHa— CHa— CH— COOH 

i I 

NHa NHa 

Arginin* 


III Two carboxyl groups for each ammo group 


HOOC— CHr-*CH-COOH 


NHa 


Aiportifi odd 


HOOC— CH2--CH2— CH— COOH 

I 


NHa 

Glutamic odd 


Chemical Properties of Amino Acids 

1 Amphoteric Action It may be noticed m the foUowmg 
ammo aad molecule that there is an acid (COOH) and a basic 
(NHa) group 


H 

I 

H — C — NHa (otnine group) 

COOH (cadioxyl group) 

Am neacvtle odd 


These two groups make it possible for the compoimd to act as a 
base or an aad Such compounds are said to be amphoteric 
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The following reactions of aminoacetic acid, commonly called 
glycine, with an acid and with a base illustrate the amphoteric 
properties of an amino acid. 


As a base 


As an acid 


CH2 — NH2 + Cl' CH2-NH3+, Cl- 

1 1 

COOH COOH 

Glycine Glycine hydrochloride 

CH2-NH2 CH2 — NH2 

I +Na+, OH--4| +H2O 

COOH COO- Na+ 

Sodium glycinote 


This dualistic nature of the amino acids accoimts for their 
ability to combine with each other, and in that way build up the 
complex protein molecule. The linkage of amino acid radicals 
through the acid carboxyl group (COOH) of one to the basic 
amino group (NH2) of another is illustrated thus: 


NH2 / 

( / 
CH 2 A / 

f 

^N— H 

NHi 

( 

*■> CH 2 

+ HzO 

1 y / 

COOH^' 

1 

CH, 

1 

1 1 
f 1 1 

peptide or biurel linkage, 


COOH 

1 NH 1 

CH2 

a fundamental peint to be 
noted. 


1 

COOH 

Glycine Clycylglyciite 

(dipeplide) 

O H 

In the dipeptide, the linkage — C — N — is called the peptide or 
the biuret linage. 

Continued combmation between more amino acids by conden- 
sation eventually bviilds polypeptides, peptones, proteoses, and 
finally proteins. From the above it is qm'te evident that proteins 
are combinations of amino acids. The following notation expresses 
in a general way the nature of the polypeptide chain: 
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O H R O H 

II I I II I 

C H N C C H N 
C C H N C 

I II I I 

R O H R ' 


2 REAcrioN WITH Oxygen Of particular jnterest aud great 
importance to the nurse la the understanding of what reaction 
takes place m the human body when ammo aads, m excess of 
those needed for tissue building, undergo oxidation to produce 
heat and energy In tins oxidation change the ammo group is 
removed to form ammonia and a ketone acid Usmg alpha ammo 
propionic acid cozmoonly called alanme as an example the follow 
mg equation shows what probably takes place m the stepwise 
oxidation 


CHa 

I 

CHNHj - 

I 

COOH 


CH, 

► NH3 + CO • 
COOH 

add Pyrvvl« 

(k*tonI<«dS) 




> 2COz + 2HaO 


COOH 

A«eile 


Further discussion of the place of amm o aads m the tissues will be 
presented in the chapter on Metabolism (p 495) 


SELF-TESTfNG QUESTIONS 

10 Explain Uis statemeat amiaea an auhaUtuted ammoD2aa 

11 State three chemical properties of amines that ere sunilar to the proper 

ties of ammoius 

12 Name two important aromatic amines and their uses 

13 Name a class of naturally occurrmg drugs which are amines 

14 To what claaa of compounds do ptomaines belong? 

15 Why 13 a protem amphotene'^ 

16 What 13 the peptide or biuret imkage * 

17 How arc proteins formed? 

18 Define a protem 
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iV. PROPERTIES OF PROTEINS 

The properties of the proteins are not very dearly defined, even 
though they do have many common characteristics What differ- 
ences do anse m the nature of tiie many different and complex 
proteins are for the most part due to the number, the kind, and the 
arrangement of the vanous amino aads within the protein mole- 
cule Thus albumm, pepsm — an enz 3 nne — and msulm — a hor 
mone — are protems of varymg natures However, with the under 
standmg that protems are complex molecules of large molecular 
weight, are combmations of aramo acids, and can act as acids or 
bases, the study of their behavior is l^s difficult 


Physical Properties: 

The physical properties of the protems are due largely to then 
behavior aa colloidal substances Their most characteristic physical 
properties follow 

Foam The proteins are mostly colorless and amorphous com- 
pounds, only a few bemg colored (hemoglobm) and crystallme 
For the most part, they are typical colloidal substances which /oam 
readily when in solution Milk or blood, for example, foams when 
agitated as a result of the colloidal matenal present 

Solubility There is quite a variation m the solubihty of the 
proteins Some, like the albumins, are soluble in plain water and in 
salt sdutions, oAers, like the globulins, are soluble only in salt water, 
while still others are soluble only m an acid or alkali medium All 
are insoluble in the common solvents for fats, such as ether 

Colloids Most of the soluble proteins on account of their high 
molecular weight form colloidal dispersions which do not diffuse 
through an animal membrane, a very important factor m regulatmg 
cell activity If it were not for this nondiffusible property, all 
soluble protems would be excreted through the kidneys and not be 
retamed m the blood stream It is only when the kidneys are 
diseased that the cells are permeable and albumm is found m the 
urme 

Elsewhere (p 111) it has been stated that protems are positive m 
a medium more acid than the isoelectric pomt and negative m a 
medium which is less acid than the isoelectric pomt Protems are 
colloids and adsorb water (p 113), and acids or bases mcrease the 
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adsorption of water and make protein foods more tender 
Most protems have a negative charge m a neutral solution 

Chemical Properties* 

1 Proteins Are Decomposed by Heat The chemical be 
havior of the protems la that of the ammo acids of which they are 
composed When heated, they gradually decompose, givmg off a 
strong odor hke burnt wool or hair, and when m a colloidal disper 
Sion they may be precipitated by a variety of agents, all depending 
upon the land of protems present 

2 Proteins Are Precipitated By Heat Under the influence 
of heat the molecules of a dispersed protem tend to run together 
to form an insoluble protein This form of precipitation or coagula 
tion IS called denaturation It differs from ordmary precipitation m 
that the change is permanent and the albumin now a denatured 
protem, cannot be restored to its former state though it can be 
dissolved by acids, bases, urea and other reagents The change 
and appearance of the white of an egg after cookmg are a good ex 
ample of coagulation, a condition which increases the digestibility 
of egg albumm, hemoglobm, and many other protems Smce hvmg 
cells contam protems, heat coagulates and kills them The spores 
of certam bactena, however, are very resistant to heat Tlus is 
because they contam very httle water and are coagulated only at 
extreme degrees of heat This resistance of spores and dried pro 
terns to coagulation accounts for the superiority of moist heat 
(steam) over dry heat in sterilization From the precedmg state 
ments it is evident that heat may sometimes be used as a simple 
test for a soluble protein, such as albumm m pathological unne 

By Salts of Heavy Metals (HgCb, AgNOa, CuS 04 , Pb(C2Hs02)2) 
Smce proteins can act m part as acids because of the — COOH 
group it 13 evident that protems may react with salts to form other 
acids and salts, e g , 

R— CH(NH2)C00H + NoCI-» R— CH(NH 2 )COONa + HCI 

prtfiVm KwSiarti > ViVtin/ft 

The sodium salts of dispersed proteins can be expected to be 
soluble Some metallic salts though, may form insoluble pro 
temates For example, salt solutions of heavy metals have long 
been used for their antiseptic and germicidal properties smce they 
coagulate proteins Bichloride of mercury is one of the very un 
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portant disinfectants, but even so it may not be used for this 
purpose when the parts to be sterilized contam a great deal of 
protem (vomit, stools, etc ), smce m the coagulation the mercuric 
chloride combmes and forma with the proteins an enveloping cap- 
sule that prevents further penetration of the antiseptic Thus m 
the case of poisonmg from bichloride of mercury, it is easily under 
stood why the white of egg or milk is mtroduced mto the stomach 
of the patient Even though the absorption and distribution of the 
posion are retarded, there is a tendency for the coagulated protem 
to redissolve m the course of digestion and to be absorbed to attack 
the tissues, especially the kidneys For that reason, immediate 
action should be taken to remove the contents of the stomach 

Silver compounds are widely used m medicme to produce caustic, 
aatrmgent, and antiseptic effects, actions which are largely due to 
free silver ions Such a compound is silver nitrate, which coagulates 
cell constituents and secretions by entering mto chemical combma 
tion with the protems present This action has a tendency to stop 
any further caustic effect, and the antiseptic action that follows is 
due to the slow freemg of silver ions from the silver protem com 
pounds that had been formed 

The value of lead acetate as a skm antiseptic, and copper sulfate 
as a spray (Bordeaux mixture), is also based upon this coagulatmg 
effect 

By Alcohol Alcohol is a very common antiseptic, m that it 
coagulates bactena (proteins), but if the alcohol is 95 per cent 
there is very bttle gemuadal action, because bke the bichloride of 
mercury, the formation of a protective envelope keeps the alcohol 
from passing through the protein, and at the same time withdraws 
water from the bactena The addition of water revives them In 
hospitals, a 70 per cent alcohol solution is generally used on the 
wards for antiseptic purposes and as an alcoholic rub because at 
this concentxation bactena are killed rapidly The water probably 
keeps the alcohol m contact with the bactena a longer time and 
prevents too rapid evaporation 

By Acids Smce the protems also have a basic group, "NHz, m 
their molecules they may react with aads to form salts, some of 
which are insoluble 

The organic acids, picnc, tanmc, and phosphotxmgstic, are prm 
apally used for the purpose of precipitatmg proteins, and are often 
called alkaloidal reagents Advantage is taken of this effect in using 
picnc acid as a coagulating test for albumin m the urme (Esbach's 
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test) In the leather industry, tannic acid extracted from the bark 
of certain trees (oak hemlock) renders protem hard and free 
from bacterial action Tannic aad (and sometimes picric aad) is 
also used m the treatment of bums to combat shock, toxemia and 
sepsis (poisonmg of system) As an astrmgent it contracts the 
tissues to lessen the secretion of the precious body flmds, to prevent 
the absorption of toxic protein disintegration products resulting 
from the mjured tissues, and to reheve pam by protectmg exposed 
nerve endings with a restrammg eschar over the burned area 
Frequently this treatment is followed with a dilute solution of 
silver mtrate Spraymg sulfadiazine directly on bums is still 
hailed as a very effective treatment 

The bitterness or puckering sensation of strong tea and of 
underripe fruits is due to the effects of tannic acid on the proteins 
of the mucous membranes 

The inorganic acids also precipitate proteins TTus action is put 
to good advantage m using nitnc aad to make a test for albumm 
m the unne, the aad precipitatmg a nng of protem at the junction 
of the unne and the aad (Heller’s nng test) With an excess of 
the aads, the preapitated proteins act as a base and redissolve 
Also, in the presence of an excess of strong alkali the precipitated 
proteins act as an aad and dissolve This explains the action of 
both aads and bases upon woolens (p 159) It is also on account 
of this duahstic nature of the proteins that we are able to explain 
how the protem assists m regulatmg the acid base balance of the 
blood (p 186) 

Precipitation Explained From the foregoing it is evident that 
the proteins may be preapitated unaltered or as insoluble salts 
Also, the addition of some salts like sodium chlonde, ammonium 
sulfate, and magnesium sulfate will remove water from the col 
loidal protem particles and cause them to "salt out” or precipitate 
It is m a siT TiiIflr way that alcohol preapitates proteins On the 
other hand, the insoluble state may be due to a chemical reaction 

Proteins are amphoteric substances and therefore they may 
behave as either acids or hasei rfependoig upon the pH of the 
environment fri a medium more acid than its isoelectric pomt a 
dispersed protem exists primanly as positive ions Consequently 
it can react with the anions of certam aads to form msoluble salts 
The addition of tannic acid to produce an msoluble protem tannate 
illustrates this 

When a protem is dispersed m a medium which is less acid than 
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its isoelectric point it forms negative ions i e , anions In this 
condition the protem is capable of reactmg with heavy metal 
cations, and other complex cations, to give msoluble protemates 
These are salt-hke structures The addition of mercuric chlonde, 
HgCl-» to a protem m a sufficiently alkalme medium leads to the 
precipitation of a mercuric proteinate 
It IS mterestmg at this pomt of the discussion to take note of the 
fact that the alkaloids also precipitate the proteins as protemat^ 
Moreover, it is important enough to mention again that proteins 
of the blood, because of their amphotenc properties, can act as 
buffers in regulating the acid base balance by preventing any 
changes m hydrogen ion concentration when small amounts of 
acids or bases enter the blood stream 
3 Proteins Undergo Hydrolysis Proteins, like the carbo- 
hydrates and fats, can undergo hydrolysis which may be brought 
about by dilute acids, alkalies or by the digestive enzymes When 
hydrolysis, as m digestion does take place, it occurs m stages, 
each successive stage formmg a simpler molecule by sphttmg off 
arom a acids Such a hydrolytic reaction is just the reverse reaction 
of how ammo aads are linked together in the protem molecule 
(p 387) The following equation ^ows bow hydrolysis may take 
place at the peptide linkage to form ammo acids from a dipephde 

NHsCHs C01 nHCH7c60H+1<,0H-^ NH 2 CH 2 COOH + NH 8 CH 2 COOH 

Glyeyfgfyc ne (d papt da| GCycina 

Upon hydrolysis of proteins proteoses are first formed, then upon 
further dismtegration, peptones are produced The latter substance 
IS still a true protem, but contains a smaller number of ammo acids 
Upon further division we no longer have proteins, but simpler 
groups of ammo acids called polypeptides These, m turn, break 
down mto peptides and ammo acids, a form m which aU proteins 
must exist before they may be absorbed The successive steps in 
hydrolj^is during digestion are as follows 

H2O H2O HsO 

Proiemz — ^ Proteoses Peptones — 

N2O HzO 

Polypeptides — > Peptides — > Ammo Acids 

The ammo aads so formed m the course of digestion are absorbed 
and then used mostly by the liva* to build body proteins 
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The proteins differ mainly in the number and kind of amino 
acids produced by hydrolysis, some proteins not even producing 
the amino acids whici are necessary to maintain growth or even to 
sustain life (p. 611). From th^ statement it is evident that the 
biological value of proteins is mostly determined by the amino acids 
formed on hydrolysis, and that any deficiency in the number or 
variety limits their value As previously stated, some twenty 'three 
different amino acids are known in connection with body Junctions. 

In connection with this it should be remembered that the diges* 
tion of all foods, as carbohydrates, fats, and proteins, is a series of 
hydrolyses which break the complex molecules into simpler ones. 

4. Proteins Give Color Tests: Testa for proteins are not only 
dependent upon precipitation or coagulation but also upon color 
reactions with certain reagents. The best known color tests are 
MiUoh’s and the biuret lest. Heating a protein with Millon’s re- 
agent (mercury dissolved in nitric acid) produces a brick red color 




Color 

Coute of Color 

Biimt 

Strong alkali an4 a few 
drops of dilute CuSOi 

Violet shade 

2 biuret or pep- 
tide Imksgea 

0 H 

MiUon’a 

Mercury metal dis- 
solved in cone nitnc 
sod, then dilated 

Heddish 

Hydroxylphenyl 

group 

— <3eH4(OH) 
(tyrosine group) 

Xanthoproteic 

HNO, 

YeUow, deepen- 
ing to orange 
when acid u 
neutralized 
with alkali 

Benzene ring, as 
Tyrosine 
Tryptophan 
Phenylalamne 

Hopkma-Cole 

Glyoxalic acid 

CHO— COOH 

Violet 

Indole group of 
Tryptophan 

Oc^ 

NH 
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or precipitate, while with the biuret reagent (a few drops of dilute 
CUSO 4 m concentrated NaOH) it produces a violet to pink color 
(dipeptidea excepted) A very familiar protein reaction is the 
yellow color produced by nitnc acid on the skin Upon the addition 
of an alkah the color changes to an orange, giving what is known 
as the xanthoproteic or "yellow protein” test Since there is a 
variance m the kind and number of groups m different proteins, 
there will be various color tests As a consequence too much 
reliance should not be placed upon a single test to indicate the 
nature of a protem The most important color tests for proteins 
are shown in the table on page 394 

Protein Swelling and Coagulotion* 

As has been stated (review, p 111) proteins are neutral at the 
isoelectric point but become positive m a more acid solution, and 
negative in a more alkaline solution When acid to the isoelectric 
pomt, the colloidal protems m the body have a great affinity for 
water Thus an accumulation of lactic acid as the result of violent 
exercise or delayed metabolism produced by anesthetics or toxins 
can result m swelling To repress this swelling (edema) certain 
salts (alkali tartrates, acetates, phosphates), or fruit acids have 
been recommended 

According to some authorities anesthesia is due to a coagulation 
of some of the proteins of the bram and sensory nerves Habit- 
forming drugs, such as morphine, coagulate nerve proteins and act 
as they do because they are not elinunated very rapidly, whereas 
the true anesthetics (ether, mtrous oxide, chloroform) are elum 
nated from the body m a very short time 

A brief discussion of allergic reactions caused by proteins is pre 
sented on page 436 

Animal fibers such as hair, wool, and sfik belong to a class of 
proteins called keratins, compounds which are characterized by 
their great insolubility in neutral solvents, but being proteins, they 
are amphoteric and therefore are capable of reactmg as bases or 
acids For instance, wool and silk readily dissolve in 10 per cent 
sodium hydroxide solution, and turn yellow m warm nitnc aad 
(xanthoproteic reaction) Cold, concentrated hydrochlonc aad. 
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however, has httle effect on wool, and dissolves silk but very slowly 
When Ignited, animal fibers bum only so long as they are held in 
the fiame, give o£F an odor hke burning hair, and form a tarry 
knob at the end of the fibers Wool m particular is very sensitive 
to heat, the fiber becoming very bnttle at 100* C 
Under the compound microscope all fibers, whether animal or 
vegetable m natum, show definite characteristics 


wool ijiK Canon imn 



Cwrttsy. Mxroanolytic Oiv(tt«n Feed and Orvg Adminittralion 

CelU evedep Smooth toM Flottened, tw tied, IrreQuIor, lotnied 
Ilk* KoUs round retemblei deflated ttrondi. Reiembles 

h>b* bemboe ttomi. 

Flo 2 

Two important synthetic nitrogenous fibers have been produced 
These are Lanital, a woolen substitute made from casern, and nylon, 
a silk substitute made basically from coal, air, and water Nylon has 
proved to be a very successful synthetic, and is widely used for 
hosiery and other wearing apparel, bristles for brushes, surgical 
sutures, machme beanngs, and a host of other thmgs Undoubtedly 
it has brought about a curtailment of the natural silk mdustry 

SELF-TESTING QUESTIONS 

19 State the physical properties of proteias 

20 How do the proteins diSer m their solubOity? 

21 What IB a simple test for a soluble protein*' 

22 What metallic salts form msoluhte proteinates^ 

23 What are the functions of a 70 per cent alcoholic solution on the skm? 

24 What la Heller’s ring: test? 

25 What medicinal advantage is taken of the coagulation action of picric 

and tannic acida on proteina? 
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26 Why are proteins soluble in both aads and alkalies'^ 

27 How may proteins be separated from solution unaltered? 

28 To what principle is this latter separation due^ 

29 What intermediate products are formed upon hydrolysis of proteins'^ 

30 What are all tests for proteins based upon^ 

31 State two color tests for proteins 

32 How do you account for swelling m proteins'^ 

33 What effect do anesthetics and alkaloids have upon proteins of the 

brain and sensory nerves'^ 


V. CLASSIFICATION OF PROTEINS 

llie number of different protems is almost unlimited Certam 
proteins have similar characteristics, and accordingly they may be 
placed m three principal classes the simple, the conjugated or com 
pound, and the derived proteins 


Simpla * 


Hydretjrx* t« 
a on M acidi 
Nafvrof 
occvmnc* 


Hydrolyse le 
a em no ccldi + non 
prate n subftence* 
Hofuraf occvrrtnce 


Hydrolyse et »mple 
or con wQoied 
Art Be erf— Prepored by Mb 
|eet ngi noturol prole nt to 
tome phytleol or diem col 


Simple Profelns* 

The simple proteins are the native or true proteins which upon 
complete hydrolysis yield ammo acids only 

The principal members of simple proteins are the albumins and 
the globulins Both of these occur m blood serum, m the white of 
eijgs^ m meat, -lu the whe^^ of r»i!lc. m the gluten and legumin of 
plants, m the myosin of muscle protein, and the £bnnogen of blood 
plasma Their properties are very similar, differing chiefly in their 
solubihty m water and m salt water The albumins are very abun 
dant m flnimfll fluids (blood, etc ) while the globulins predominate 
m the tissues Smee both the albumins and globulins form col 
loidal dispersions m very dilute salt solution it is evident that the 
boihng of meat in a dilute salt solution, as m the preparation of 
soups or stews, results m the extraction of these nutritive proteins 
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CLASSIFICATION OF SIMPLE PROTEINS 


Subdmstaa 

Properties 

1 Solubility and Effect of Heat 

1 (Basis of ClassiflcntioD) 

Examples and 
Remarks 

HiO 

Sah 

Std 

Da 

And or 
Alfcalt 

Alcohol 

Coag 

by 

Heal 

Albumtm 

+ 

+ 



+ 

Ovalbumin (egg white), 
serum albuimn (blood), 
lactalbumin (milk), 
vegetable albumins 
Abundant in animal 
duida 

Globulins ' 

1 

+ 1 

1 

1 

+ 

Serum globulin, muscle 
globulin (myosin) veg 
stable globulins 
Predominate m the tia 
sues 

GluUUns 

1 


s 

■ 

+ 

Glutcnin (wheat) 

ProIamineH 




+ 

70 to 80 


Cliadin (wheat), sein 
(com) 

Albuminoids 

i 





Collagen (tendon) Kera 
tin ftiair, hoof bom) 
Blastin (ligament) 
Pnncipal part of skel 
etal structure and pro 
testing tissue 

Histones 

+ 


+ 



Globin (blood) Basic 
proteins 

Protamines 

1 

1 




i 


Salmine (salmon sperm) 
Simplest of natural 
proteins a polypeptide 
Basic properties no food 
value precipitates solu 
bone of other proteins 
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Myosin, a muscle protein, is a globulin, the coagulation of which, 
after death, produces what is called ngor mortis. 

Conjugated Proteins: 

Conjugated, or compound, proteins are those which have a 
protein molecule united to some other molecule of a nonprotem 
substance. Upon hydrolysis they yield both amino acids and non- 
protein substances The following table is a classification based 
upon the nature of the nonprotem constituent. 


CLASSIFICATION OF CONJUGATED PROTEINS 


Su&iiic;ision 

Compound Proteins 
(Basis of Classification) 

Examples and Rejnarka 

Nucleoproteins 

Protain -f- nucleic acid 

Nucleoproteins in thymus, 
spleen, pancreas, glandular 
tissue 

Hydrolyze to purine bases 

Glycoproteins 

Protem + carbohydrate- 
group 

Mucin (saliva, body secre- 
tiona) 

Hydrolyze to yield a sugar 
which reduces Benedict’a 
solution 

Pbosphopiotems 

Protein 4- phosphate- 
group 

Casein (milk), vitelhn (egg 
yolk) 

Hemoglobins 

Protem + hematin (iron 
compound) 

Hemoglobin (blood) 
Hydrolyzes to histone, globin 
and hematm 

Lecithoproteins 

Protein -f- lecithin 

i 

Fibrin, egg yolk 


Blood contains the soluble simple protem fibrinogen (globuhn), 
which upon exposure to air coagulates and is changed into an in- 
soluble conjugated protein called fibnn. The most accepted theory 
(Howell’s) to account for the formation of the blood clot is pre- 
sented elsewhere (p 448), 

Derived Proteins: 

The derived proteins, as the name imphes, are an artificial group 
obtained from the simple and conjugated proteins by the action of 
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acids, alkalies, heat, or enzymes. They are less complex than the 
simple or conjugated proteins and do not occur in nature. Upon 
hydrolysis the derived proteins again divide into two groups, the 
primary and the secondary derivatives; the primary are the result 
of a very slight hydrolysis, while those of a more extended hydrol- 
ysis represent the secondary derived protems The classification 
based upon their hydrolytic changes is ^own in the following table. 


CLASSIFICATION OF DERIVED PROTEINS 


Su&iicutsion 

Derioed Hydrolyna 
(Basis of Classification) 

Examples 

Proteina 

Insoluble proteins produced by 

Casein (curdled milk) 



water, enzymes, acids 

Fibrin (coagulated 




blood) 


Metaproteins 

Insoluble proteins produced by fur 

Add metaprotein 

! 


ther hydrolytic action of water, 
enzymes, and acids Soluble in 
weak acids and alkaliee 

Alkali meteprotein 


Coagulated 

Insoluble proteins, the result of ' 

Cooked egg albumin 


Proteus 

heat and of alcohol 



Proteoses 

Soluble in HsO. preapitated by 

Protoproteose 



saturated (NHOzSOi solution 

Deuteroproteose 

>. 


Slightly diffusible 


S 

Peptones 

Soluble u H3O, not precipitated 

Aatipeptone 

a 


by saturated (NH4)aS04 More 

Amphopeptone 

V 


diffusible 


« 

Peptides 

Soluble m HzO, simplest combma- 

O1-, tri , tetra-, and 



tions of two or more enuno 
acids Very diffusible 

pentapeptides 


VI. ASSIMILATION OF PROTEINS 

The proteins, according to present view, are transformed partly 
in the intestinal contents and partly in the intestinal mucosa into 
amino adds, which either pass to the cells to build tissue, or to 
the liver where they form urea. Further discussion is presented 
in the chapter on Metabolism. 
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VII. RECENT PROTEIN RESEARCH 

The investigation of proteins is a field of very active biochemical 
research, and m concluding this diapter it is appropriate to give 
bnef attention to some of the newer developments Three areas of 
mtensive study are to be noted (1) analysis and synthesis of protein 
molecules, (2) the "gross” nature of protems, and (3) the sigmfi 
cance of the nucleoproteins 

(1) As we have learned, natural protem molecules are exceed 
mgly complex with molecular weights so great that they can truly 
be called macromolecules Yet all protems, regardless of source or 
complexity, are the result of joinmg together numerous ammo acids 
via peptide Imkages Some thirty different alpha ammo acids 
have been found m the protems There are two general approaches 
to acquinng insight mto the protem molecule, namely analysis and 
synthesis It is to be noted that characterizing the structure of a 
given protein requires knowmg not only which ammo acids are 
present and how many residues of each, but also the sequence m 
which the various ammo acid residues appear in the polypeptide 
cham 

Three protem type substances have at this time been studied 
to the point where their structures are believed to be known 
These are insulm, a hormone, nbonuclease, an enzyme, and the 
tobacco mosaic virus All of these are relatively simple protems, 
and m fact they might better be characterized as enormous poly- 
peptides For example, nbonuclease contains 124 ammo acid 
residues In each case the elucidation of structure came about by 
analysis, i e , by hydrolysis of the natural substance mto fragments 
which could be identified Synthesis has also proved useful Bio 
chemists have succeeded recently m synthesizmg a polypeptide 
made up of twenty three ammo acids which shows the biological 
activity of ACTH (adrenocorticotropic hormone) Hence it can 
be said that the portion of the ACTH structure m which the 
biological activity resides has been synthesized m the laboratory 
In the body, ACTH is secreted by the pituitary gland 

(2) We turn now to a consideration of the over all or gross 
structures of the proteins Much of the information of this nature 
has come to light by the use of the electron microscope and the 
X ray The problem is more physical than chemical smce it becomes 
a matter of determmmg how the long polypeptide chains are 
oriented m the structure of the protem Proteins appear to have 
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two general shapes, globular or fibrous In the silk protein fibroin, 
it IS believed that the polypeptide chains have a zigzag form and 
he side by side, with cross Imks to hold them together The alpha 
keratm protem of hair is considered to have a helical, spiral like 
shape In the globular proteim the chains of polypeptides are 
possibly twisted like a loose tangle of strmg, or folded m a pleated 
fashion 

(3) All hvmg cells contain nucleoproteins By classification 
these are conjugated proteins When a nucleoprotem is partially 
hydrolyzed each molecule gives a protem molecule and a non 
protem molecule The nonprotem portions are known as the nucleic 
acids These m turn are very high molecular weight substances 
which are made up of sequences of residues of nitrogen bases 
(punnes and pynmidmes), pentose sugar and phosphoric acid 
Those havmg the sugar nbose as part of the structure are termed 
RNA (ribonucleic acid) while those contaming the sugar deoxyribose 
are termed DNA (deoxyribonucleic acid) As many as 6000 of 
the nitrogen base pentose sugar phosphate sequences (mono 
nucleotide units) are present m DNA 

There is now evidence to support the belief that the nucleic acids 
enable the cells to store and transmit genetic information DNA 
plays a significant role m chromosomes Theones concerned with 
the ability of the nucleic acids to control the synthesis of molecules 
and to transmit hereditary traits pomt to the possibility of some 
excitmg discoveries about the nature of life itself 

SELF-TESTING QUESTIONS 

34 Upon what basis are the proteins classified'^ 

35 Discuss the occurrence and difference in solubility of two simple proteins 

36 What causes ngor mortia^ 

37 Account for the formation of the blood clot and then classify the pro 

teins involved 

Sd How are the derived proteins obtained'^ 

39 What happens to the ammo acids after leaving the intestine'^ 

4D What aa a macromolecule^ 

41 What are the two general physical shapes shown by proteins’ 

42 What IS the relationship of nucleoproteins to nucleic acids'^ 

SUGGESTED ACTIVITIES 

I Thougitt Provoeinc Questions 

1 How are the amines classified’ 

2 Why is HgCls an excellent germicide’ 
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3 Ho^ do you account for the fact that blood serum when diluted 

with water will become doudy, but when diluted with physio 
logical saline solution there will be no cloudiness, rather a clear 
solution*^ 

4 When might not HgCla be effective as a disinfectant'^ 

5 In making nutritive broth why should the meat be placed in cold 

salt water? 

6 In preparing a meat by stewing why cover with hot, clear water? 

7 In using beaten egg white to make cakes why do they not "fall” 

after baking? 

8 Name several astnngenta used in nursing procedures and explain 

why they are so used 

9 Name five important ammo acids that cannot be synthesized by the 

body and state the function of each 

10 How la thyroxin formed m the body and how does it function^ 

11 Why regulate the protein of a diabetic^ 

12 In cleanmg milk bottles, dishra with egg on them, and fabrics 

stained with blood or mucous secretioas, why should cold rather 
than hot water treatment be the first procedure in attempting 
to remove the clingmg proteins? 

13 How may the ammo acids in body cells lymph and blood assist 

m maintauung a normal pH m these Suid3‘> 

14 In preparing a meat stock for soups why u salt added before the 

meat is cooked? 

15 How successful have chemists been in synthesizing proteins'^ 

16 The fact that wet hair can be stretched suggests what kmd of 
physical structure for the protein of hair‘d 

II VocABUiABT Testing op New Terms 

protein ammo group conjugated proteins 

amphoteric ammes denved proteins 

peptide linkage simple proteins ammo acid 

III Topics for Oral or Written Reports 

1 Chemical Changes during Cooking of Proteins 

2 The Relationship of Ammo Acids to Proteins 

3 The Problem of Complete and Incomplete Proteins in the Diet 

LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found on page 729 
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REVIEW OF DEFINITIONS 

CHAPTERS Xlt THROUGH XVII 

The following terms are important m the study of chemistry A 
famihaiity with them will hdp m building a saentidc vocabulary 
that will be mvaluable 


acidosta (as id o bis) A pathological condition m which acetone and certain 
acids are present in the body in abnormal amounta 

alcohol Hydroxyl aubstitutran product of a hydrocarbon 
EXAUPLE CHyOH methyl alcohol 

aldehyde (al de hide) The first oxidation product of a primary alcohol A 
hydrocarbon wherein a hydrogen baa been replaced by the — CHO 
group 

aliphahe compounds (al e-fat ik) Open cham compounds 

H H 

I I 

ezAifPLE Ethane H—C—C—H 

) 

H H 

aminee (am uu) A group of organic compounds contaming the amine (NHs) 
group They are substituted ammonias 

EXAMPLE CHfNHi methylamine 

amino acidt Compounds derived from the fatty acids by the exchange of a 
hydrogen atom of the hydrocarbon radical for aa ammo group 
EXAMPLE CHjCNHs) COOH, amlnoacetic acid 

amino group (am m-o) The NHj group which cbaiactensea the ammes 
EXAMPLE CHsNHi, methylamine 

amphoteric compounds (am fo-ter ik) Compounds that may act either as a 
base or an acid 

EXAMPLE Protem 

aromat'ic compounds Ring or igiclic compounds related to bemene CeH* 
Many have fragrant odors 

EXAMPLE Methyl salicylate (od of wintergreen) 


biological chemistry Study of chemistry of life 

EXAMPLE Study of digestion 
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carbohydraiea (kar bo-hi drates) A group of compounda including the augara, 
starch, gums, and cellulose lliey contain hydrogen and oxygen m the 
ratio of two to one, with but a few exceptions 

EXAMPLES CeHiaOs. CisHssOii, (CsHioOs)* 
carbonyl (karhoa il) A characteristic group in aldehydes and ketones 
EXAMPLE «C=0 

carboi^l (kar box il) The characteristic group of an organic acid 
EXAMPLE — COOH 

conjuga'ted proteins Compounds which upon hydrolysis yield ammo acids 
and a nonprotem substance 

EXAMPLE Hemoglobin 

derived proteins. Compounds obtamed from simple or conjugated proteins by 
the action of acids, alkahea, heat and enzymes 

EXAMPLE Ehnteoses, peptones peptides 

disacckandea (di sak ar ids) Carbohydrates which will hydrolyze into two 
molecules of monosaccharide 

EXAMPLE (C«HtoOs)s H3O or CiaHssOii 
es'ter Compound formed by the displacement of tbe hydrogen of an acid by 
a hy^ocarbon radic^ 

EXAMPLE CaHtNOa, ethyl nitnte 
ether A hydrocarbon oxide 

EXAMPLE (CsHslsO, ethyl ether 
fat A glyceryl ester of a fatty acid 

EXAMPLE CaHsCCisHssOs)* glyceryl stearate (stearm) 
fermenta'tion The reaction of bactena, yeasts, or molds on carbohydrates 
EXAMPLE Alcoholic fermentation of glucose 

fractional distiUa'tion Separation ofLguida based upon tbe difi'erencein their 
boilmg points 

glycosuria (gh ko su're-a) A condition wherem an abnormal amount of sugar 
is fcusii is tbs as2ss 

heterocyclic (het*er-o>si'klik) Pertaining to nog compounds which contain 
other atoms m addition to carbon atoms, as part of the rmg 
CH=CHn^ 

EXAMPLE Funm i /O 

CH«=CH^ 

homologous senes (bo^mol o gus) Compounds with similar chemical structure 
and properties, and arranged m order of their molecular complexity 


EXAMPLE Methane ethane (CiHs), etc 
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hydrocar'bon A compound composed of caiboo and hydrogen 
EXAUPLE CHs. methane 

hydrogena tujn A process of changing an umaturated fat to a solid saturated 
fat by the addition of hydrogen in the presence of a catalyst (Ni) 
EXAMPLE Olein to stearin 

hydrolysis (hi drol is is) Any chemical decomposition reaction involving 
water 

EXAMPLE (C.HiflOt)* +XHsO — XCsHiaOs 

hydroxy acids (hi droks e) Acids containing one or more hydroxyl groups in 
addition to the carboxyl group 

BXABtPLE CHtCHOH COOH lactic acid 

isomeric (l so mer ik) Pertaining to compounds of the same percentage com 
position but having different structures and properties 
EXAMPLE Sucrose and maltose (CijHysOit) 

ketone (ke tone) An oxidation product ot a secondary alcohol 
CH,v 

EXAMPLE yc bO acetone 

CH»/ 

Up ids or Up Olds A general name for fats and fat like substances 
mixed ether Ethers m which the alkyl radicals are different 

EXAMPLE CHs — O — CsHs methyl ethyl ether 

monosaccharides (mon-o sak ar ids) Carbohydrates which cannot be split into 
simpler sacchandea 

EXAMPLE C«HioOs HsOorCsHiaOs 
organic chemistry Study of hydrocarbons and tbeir derivatives 
EXAMPLE CH« CHsCI CHsOH 
O H 

II I 

pep tide linkage The — C — N — group eometimea called the biuret Imkage 

phosphatide or phospholipids (fosfatids foa fo lip ids) Substituted fata con 
taming phosphoric acid and nitrogen 

EXAMPLE Lecithin 

polymer (pol im>er) A compound formed by the process of polymerization 
EXAMPLE Paraformaldehyde from formaldehyde 

palymeneation (pol tm-er i-za shun) A lesctioa between like molecules with 
out loss of any atoms or groups of atoms 

EXAMPLE CiHi to C»Hs H GHO to (H CHO}j 
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polysaccharides (pol i sak'a rids) Carbohydrates contamiagseveralsacchande 
EXAMPLE (CaHtoOs)* 

primary alcohol An alcohol characterized by a — CH3OH group 
BXAUFLE R — CHiOH 


protein (pro te in) Substances composed of H, C, O, N, and sometimes other 
elements that yield on hydrolysis amino acids or their derivatives 


saccharides (sak a rida) 
chandes 


The carbohydrates in the mono , di , and polysac- 
EXAMPLE C«HioOs 


saponifica'hon The process of a fat reacting with an alkali to form a soap 
saturated compounds Compounds incapable of addition products 
EXAMPLE Any member of tbe methane senes 
secondary alcohol An alcohol characterized by a CHOH group 


EXAMPLE 




Simple ether Ethers in which the alkyl radicals are tbe same 
EXAMPLE CsHt — O — C sHb, ethyl ether 


simple protein Compounds which upon hydrolysis yield ammo acids or their 
denvatives 


EXAMPLE Albumin 


soap Metalhc salts of fatty acids 

EXAMPLE CirHyftCOONa, Bodium stearate 

substitution products Compounds formed by an element or a radical replacmg 
another element or radical in a compound 

EXAMPLE From CHe forms CHsCl or CHyOH 
tertiary alcohol (ter shx a re) An alcohol cbaractenzed by a COH group 

R 

\ 

EXAMPLE R — COH 

/ 

R 


unsaturated compounds Compounds capable of forming addition products 
EXAMPLE Any member of tbe hydrocarbon senes endmg in ene 



PART III 

BIOCHEMISTRY 

A STUDY OF THE CHEMICAL CHANGES TAKING PLACE DURING LIFE PROCESSES 


A Research Biochemist. Courtesf, Chat PfJzet- S Co , fnc 



INTRODUCTORr NOTES 


TO THE tNSTRUCTOR 

In this division of chemistry, known either os biochemistry or 
physiological chemistry, we shall take up a discussion of life 
processes tn the fight of the organic chemistry (ust studied All 
living organisms perform the three mam functions of (o) repro 
duction, (b) transformation of food into materials suitable for 
growth and repair, end (c) oxidation of these substances to furnish 
heat and energy so essential for the maintenance of life In 
general, the subject involves a study of the chemical composition 
of living matter, the nature of the particular compounds of which 
this matter is composed, the chemical changes occurring during 
growth and decomposition, and the function of each of these 
substances In particular, it deals with (1) the digestion of food, 
(2) the absorption of food products, (3) the blood os a circuloting 
medium which carries nourishment to the cells and simultaneously 
carries their refuse to the excretory fluid 

This study enables the student to gam a better understanding 
of the chemical changes of normal living, of polhological living, 
and of the course of disease os well as its diagnosis and treatment 
In addition, biochemistry is the fundamental bos s of the study of 
diet in oil its ramifications including such applications as occur 
under the name of dietotheropy 

It is almost impossible m the presentation of biochemistry not 
to duplicate subjects studied in other courses, especially m physi 
ology, diet and nutrition, and some aspects of medical nursing 
These correlated subjects, however, may be presented from a 
different viewpoint m the chemistry course, and new chemical 
facts may be considered herein not mentioned or stressed tn 
oAVer’ coMver TJw //rifnvfcr wM rte »<e.U, Ahot 

all students review such subjects in their other texts, before 
coming to the chemistry class 



OBJECriVES 


T. Facts and Principles: 

(a) To understand the function of the alimentary tract and 

how certain glands aid in this functioning. 

(b) To know the functions of H^e blood. 

(c) To learn the more important and generally accepted 

theories concerning the metabolic changes taking 
place In the tissue cells. 

(d) To study the urine, the chief excretory product of 

metabolism. 

(e) To understand the necessity of accessory food factors, 

whose absence leads to profound pathological 
changes. 

(f) To consider the activities of the endocrine organs 

which synthesize hormones that ploy an Important 
rote in regulating body processes. 

(g) To gain some understanding of the chemistry involved 

in physiology and nutrition. 

(h) To establish a relotlonship between the composition 

of chemical components of the body and the normal 
functioning of the tissues. 


2. Attitudes: 

(o) To develop on oppreclatlon of the physical bosis of 
good health and the ways of preserving it. 

(b) To opply previously acquired knowledge of such 
allied sciences as zoology, bacteriology, pharma* 
cology, and pathology and to correlate this with 
the modem understanding of the composition of 
the ceil, the foodstuffs, and their relation to dlges* 
tion and metabolism. 

(cj To build up a scientific attitude toward life processes. 

(d) To realize how a knowledge of chemistry broadens 

our interpretotion of phenomena in everyday life. 

(e) To realize that biochemistry assists in an understand* 

ing of the composition of tissues and foods, and their 
general course of induct in metabolism. 
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(a) Coolung vs digestion 

(b) Sabvary digestion 

(c) Gastric digestion 

(d) Intestinal digestion 

(e) Bila 

V. Bactxsiaz. DiQBsnoN Am As 
BORPnON 

(a) Bacterial action m the colon 

(b) Absorption 

(c) Feces 


(. FOODS 

The Purpose of Foods: 

Thus far, we have been con^dering the structure and the prop 
erties of three large classes of foodstuffs (carbohydrates, fats, 
proteins). These materials, in a general way, together with the 
vitamins, water, and mineral matter taken in with them, serve 
(a) to supply energy, (6) to build tissue, and (c) to prevent disease 
by regulating body processes. The ultimate object, however, in 
studying foods is not so much to learn their behavior in test tubes, 
but to investigate the chemical changes that these complex sub- 
stances undergo after they enter the body. 

Necessity for Digestion: 

The purpose of digestion is to prepare the food in such a form 
that the nutntional constituents may be taken up readily from the 
alimentary tract by the blood, leaving the imdigestible residue 
to be excreted by the bowel. With the exception of such substances 
as the monosaccharides, the body is unable to utihze foods until 
certain chemical changes take place permitting them to pass 
through the membranes of the digestive tract. The resulting ma- 
terials (nutrients) which are absorbed and carried to the tissues 
are generally not unaltered constituents, but transformed chemical 
413 
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The chief chemical change involved m digestion is one of hydrol- 
ysis which IS effected by enzymes in the acid or alkahne fluids 
secreted by the respective glands In these hydrolytic changes, 
(a) the carbohydrates are changed to monosacchandes, (6) the 
fats to fatty acids and glycerol, and (c) the proteins to ammo acids 
Since enzymes have so much to do with the reactions which take 
place in the body, not only during digestion but also in many of 
the activities of the hving cells, it is important to gam a clear idea 
of these mysterious catalysts and of their functions 

SELF-T£ST»NG QUESTIONS 

1 What are the chief funcitona of fooda? 

2 What foods are included under crystalloids and which under colloids^ 

3 What IS the purpose of digestion'^ 

4 What are the digestive Quids'’ 

6 What kind of cheinicat reaction is produced by enzymes'’ 

6 What are the hydrolytic products of carbohydrate fat and protein 
digestion^ 


Ih ENZYMES AS CATALYSTS 
Nature of Enzymes' 

In the study of chemical reactions we have been presented with 
instances in which the time required for a teachon was greatly re- 
duced by the addition of a trace of some material which remamed 
unaltered during the change taking place Suck materials which 
influence chemical changes without undergoing a change them 
selves are called catalysts For example, on the chapter on carbo 
hydrates, catalytic action was mvolved when starch was hydrolyzed 
into glucose, and cane sugar was converted to glucose and fructose, 
by boihng the starch or cane sugar solutions with a few drops of 
hydrochloric acid, i e , by increasmg the hydrogen ion concentre 
tion of the solutions In hvmg bodies there is a great variety of 
chemical reactions produced m cells by organic catalysts These 
catalysts, known as “enzymes” or “ferments,” although made only 
by hvmg cells, can exist and fimction qmte separately from the 
cells makmg them, i e , isolated enzymes can act as catalysts in 
test tube reactions The separation and purification of enzymes 
have met with great difficulty To date, however, several enzymes 
of a protem nature have been obtained in a crystallme form — urease, 
which decomposes urea mto ammoma and carbon dioxide, pepsin 
of the gastric jmce, and trypsin of the pancreatic jmce 
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Nature of Enzyme Action: 

Enzymes, as orgamc catalyzers, aid in regulating a large number 
of the chemical reactions m the body Not only is digestion a senes 
of enzyme reactions but practically all of the other chemical 
processes that occur m the hving body are catalyzed by enzymes 
In 8 tud 3 ung the chemical nature of enzymes it seems conclusive 
that enzymes are proteins, and that the speaal property of a given 
enzyme is due most likely to a specific active group or groups m 
the enzyme molecule The exact mechanism by which an enzyme 
catalyzes a chemical reaction is not clear but it appears that a 
temporary chemical combination between the enzyme and the 
substance bemg digested occurs One molecule of an enzyme can 
catalyze the reaction of a very large number of molecules of the 
substance bemg digested 

SpecifieUy^ 

Enzymes difier somewhat from morgamc catalysts in their 
action The enzymes for the most part exhibit a marked selective 
action for some substances and for this reason are hmited m their 
action For example, the enzyme that changes starch mto sugar 
does not change cane sugar into a simpler sugar, but both starch 
and cane sugar undergo these changes m the presence of almost 
any dilute acid Each enzyme has its own special action on one 
particular kind of substance which is called the suisfrate and bo 
far as known only one such action The action of each enzyme is 
analogous to a key which unlocks only a particular door Only a 
few inorganic catalysts behave like enzymes m showing some degree 
of specificity 

Ciossification 

Since the chemical differences of enzymes are unknown, we can 
only classify them according to the kind of chemical action they 
bring about, and name them accordmg to the nature of the sub 
stance acted upon 

For the different kmdis of chemical changes produced by enzymes 
we have the followmg classes, (1) hydnAytic enzymes, which hydro 
lyze all foods m the course of digestion by accelerating the reaction 
between a large molecule (carbohydrate, fat, protein, or derivative) 
and water to form smaller moleculra, (2) fermenting enzymes, which 
produce fermentation, (3) oxidizing and reducing enzymes, which 
yield body energy by the additicm of oxygen or the removal of 
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CLASSIFICATION OF SOME IMPORTANT ENZYMES* 


Type of 
Action 

Enzymea and Distnbtdion 

' Chemical Change 


Carbohydrases 

Amylases 

Sabvaiy amylase (ptyalm) 
Pancreatic amylase (amy 
lopam) 

Disacchandases 

Sucrase 

Lactase 

Maltaae 

i 

Starch -► dextnns -* maltose 

Starch -► dextnns -* maltose 

Sucrose -♦ glucose + fructose 
Lactose*-*- glucose -f galactose 
Maltose -• glucose + glucose 

Hydrolysis 

Lipases 

Gastric lipase 

Pancreatic lipase 

Fat (emuLiified) -* fatty acids 
-1- glycerol 

Fat (emulsified) -» fatty acids 
-b glycerol 

1 

Proteinases 

Gastric proteinase (pepsin) 
Pancreatic proteinase 
(trypsin) 

Intestinal peptidases 
(erepsin) 

Proteins -^proteoses peptones 

Proteins -*-proteoses>* peptones 
peptides ^ ammo acids 

Peptones -► peptides -• ammo 
acids 

Fermentation 

Zymase (yeast) , 

Lactic acid (lactic acid bac i 
tens) 

Alonosaccbandes 

CaHtOH + COa 

Lactose lactic acid 

Dzidir^ljpn 

Oxidases 

Catalase 

Pejozidase 

Decomposes HaOa to form Oa 
Liberates atomic oxygen £rom 
orgamc peroxides, favoring 
oxidation 

1 

Deamimzation 

Deaminases 

Urease 

Urea — COs + NH* 

Coagulation 

Hennin (gastric juice) 
Thrombin (blood) 

Casein— *- paracasein (milk clot) 
Fibnnogen -*fibnn (blood clot) 


* Hawk aad Berg:eua Practical Ph'y$ialcgicat C>temt*try 10th ed., pp 23&-€ 
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hydrogen from the substances acted upon, (4) deaminizing enzymes, 
which release ammonia from organic amine groups, (6) coagulating 
enzymes, which produce coagulation of proteins such as reunin 
upon casern of nulk 

Each of the foregoing classes of enzymes is further subdivided 
into vanous members and named m accordance with the class of 
compound acted upon Thus each of the hydrol5^ic enzymes acts 
on a specific substance, such as the carbohydrates, fats, proteins 
and their decomposition products The ending ase to a word 
usually mdicatea an enzyme, and it is attached to the name of the 
substance that the enzyme acta on, called a substrate Thus, the 
starch (amylum) hydrolyzing enzymes are called amylases, the fat 
flipid) splitting enzymes lipases, and the protein sphttmg enzymes 
proteinoses When referring to a particular enzyme, it is customary 
to mdicate its place of occurrence, eg, salivary amylase and 
pancreatic amylase Since some of the enzymes — pepsm and 
trypsin, ptyalin rennm— received names long before the adoption 
of the above mentioned method of classification there has been 
some confusion and dismclioation or failure on the part of many 
to adhere stnctly to the adopted nomenclature 

SEIF-TESTING QUESTIONS 

7 What la the function of an enzyme'^ 

8 Name three cryatallme enzymes and give the function of each. 

9 What 19 the chemical nature of an enzyme‘s 

10 What 13 meant by the specificity of an enzyme'* 

11 Upon what basis are enzymes classified? 

12 What are the vanous classes of enzymes and what are their functions? 

13 What chemical change is produced by the hydrolytic eazyzses on the 

different carbohydrates on the fata and on the proteins'* 

14 How are enzymes named** 


1(1 BEHAVIOR OF ENZYMES 
Properties of Enzymes 

Although widely distributed m kving material, enzymes exist in 
such small amoimts that their separation is quite difficult However, 
several enzymes have been isolated as pure compounds which are 
of a protem character Withm recent years it has been learned 
that certain of the B complex vitamins act as the specific active 
group {prosthetic group) of some of the enzymes that function m 
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cellular oxidation and reduction reactions Enzymes have certain 
properties m common As they are rrfatively large molecules, they 
are colloidal in water, in dilute alcohol and in aqueous sodium 
chloride solution, but are precipitated by ammommn sulfate and 
strong alcohol The large size of protein molecules accounts for the 
fact that enzymes do not readily diffuse through semipermeable 
membranes 

Although the structures of most enzymes are still unknown, 
there is available considerable knowledge of the factors that 
influence their activity 

Effect of Temperature* 

Like most proteins, enzymes are very sensitive to heat and are 
inactivated at temperatures which coagulate protem (50® C to 
80® C ) On the other hand, it is known that as temperature is 
increased the rate of chemical reactions is greatly accelerated 
This generahzation holds true of reactions catalyzed by enzymes 
Therefore, in an enzyme reaction two opposing effects of tempera- 
ture are involved, one the effect of increased temperature m in 
creasing the rate of reaction and the other the effect of increased 
temperature in destroying the enzyme The opimum temperature 
IS that temperature at whidi an enzyme exhibits its greatest 
activity In general this temperature is usually a few degrees above 
body temperature At lowered temperatures such as 0® C the 
action of an enzyme is greatly decreased or may be almost com- 
pletely inhibited 

Effect of Hydrogen Ion Concentration (pH or acidity or alkalinity}* 

In addition to thia influence of heat, enzymes are sensitive to the 
nature of the medium in which they exist Some enzymes function 
only m the presence of dilute acids, and some only in dilute alkahne 
or neutral solutions This is particularly true of pepsm which 
requires for its optimum action on proteins a definite hydrogen 
ion concentration corresponding to 0 2 to 0 5 per cent HCl, and 
above or below this approximate hydrogen ion concentration (pH 
of about 1 6) the action is inhibited Trypsm on the other hand 
digests proteins in either a neutral or an alkahne medium (pH of 
8 0), but is inactive m an aad solution Furthermore, sahvary 
amylase (ptyalm) is more active in a neutral than m either an acid 
or an alkahne medium, and is completely inactivated by the high 
hydrogen ion concentration of the gastric juice There is an optimum 
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hydrogen ion concentration for mammiim activity, the concentra- 
tion depending upon the nature of the enzyme 

Coenzymes* 

Certain enzymes show activity and function properly only m the 
presence of other substances, generally called coenzymes In some 
instances the factors necessary are inorganic ions Calcium ion, for 
example, is essential for the activity of the prothrombin of the 
blood, and chlonde ion speeds the activity of salivary amylase 
Zymase of yeast requires the preseni^ of phosphate ion Such mor 
game ions which are necessary for the functiomng of certam 
enzymes are sometimes called ochuitors 

Many active enzymes, particularly those involved in oxidations 
and reductions, have been found to consist of two parts, both 
orgamc, usually loosely bound together One part, protein in 
character, is known as the apoemyme, and the other portion a non 
protein, is termed the coenzyme or prosthetic (helping) factor In 
some cases these two parts can be separated by dialysis, and it is 
found that neither taken alone possesses enzyme activity It is 
interesting to learn at this time that vitamins frequently enter into 
the structures of such coenzymes 

Zymogen* 

The inactive state exhibited by certain enzymes is often referred 
to as the zymogen form or as the proenzyme This inactive zymogen 
must be transformed or activated by certam specific substances 
(kinases) secreted by the cells For instance, pepsinogen, the zymo 
gen of the enzyme of the gastric juice, is activated by hydrochloric 
acid (secreted by the gastric cells) into pepsin, at a pH of 6 0 or below, 
and trypsinogen of the pancreatic juice is changed by enterokinase 
of the pancreatic cells mto trypsm 

Enzyme Inactivation, Anlienzymes 

In decided contrast to coenzymes which are needed for enzyme 
action, there are many orgamc and morganic substances which 
inactivate enzjrmes, either reversibly or irrevea^bly The salts ot 
heavy metals such as silver, mercury, copper and lead, and m fact 
all the protem precipitants, are particularly toxic to enzymes 
Other more specific orgamc inactivators that are formed by living 
cells are referred to as antiensomes Such antienzymes occur in 
the linin g cells of the digestive tract where their presence prevents 
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the digestion of the protein which forms tiie walls of the stomach 
and mtestme Antienzymes are also present m the blood and there 
IS a reasonable amount of evidence to indicate that in vivo clotting 
of blood IS prevented by antien^me action Enzymes are inacti 
vated not only by heat, unfavorable hydrogen ion concentration 
(pH), and antienzymes, but also by shaking and ultraviolet hght 

In a solution where enzyme action is occumng the activity of 
the enzyme usually decreases This may be due to spontaneous 
decomposition of ^e enzyme or to the effect of accumulation of 
end products of the reaction Enzymes do not change the equihb> 
num pomt of a reaction but merely cause the equihbnum pomt to 
be attamed more rapidly Therefore the speed of the reaction will 
decrease as the equilibrium pomt is reached 

SELF-TESTING QUESTIONS 

15 What facts seem to indicate the colloidal nature of enzymes^ 

16 What factors influence the activity of enzymes’ 

17 Illustrate by example what >s meant by ophmum temperature 

18 What are coeozymea’ 

19 What la a zymogen’ 

20 What are antienzymes’ 

21 How do salts of heavy metals inactivate enzymes? 

22 What other substances inactivate enzymes’ 

23 How do enzymes as catalysts differ from inorganic catalysts’ 

IV. THE DIGESTIVE FLUIDS 

With some understandmg of the nature of enzymes we are ready 
to consider the changes that foods undergo in the course of diges 
tion To some extent this is a famibar story, smce the physiology 
of digestion has been or will be printed in another course As a 
consequence, the discussion in this chapter will be more concerned 
with the chemical factors mvolved m digestion 

Cooking vs Digestive Processes 

Before considenng the different digestive fluids, attention is 
called to the fact that many processes mvolved m the preparation 
of food are somewhat similar to those of digestion Prolonged 
cooking m a shghtly aad medium may partly hydrolyze starch and 
disacciiandes into simple sugars Moreover, cooking prepares raw 
starch food for more effective enzyme action in the body by rupturmg 
the insoluble cellulose coatmg which surrounds the starch granule 
Cookmg converts the tough white fibrous coimectmg tissue (e g , 
collagen) of meat mto gelatm In addition, the heat required to 
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DIGESTIVE FLUIDS 


Site 

Seen 

Uon 

Eretyme 

Substrate 

Medium 

Extent of 
Digestion 

Products 

Formed 


Saliva 

Plyalin 

Starch 

Usually 

Slight 

Dextrin -* 





slightly 

acid 

maltose 






about 
pH 6 5 



Stomach 

Gastnc 

Peosm 



Incom 

Proteoses 




Casein 

Normally 
about 
pH 1 6 

plete 

Mostly 

complete 

and 

peptones 

Paracasein 





0 2%HC1 

Very 

alight 

Fatty 
acids + 




iksbh 



glycerol 



Trypsin 

Chynio 

trypsin 

Carboxy 

Proteins ' 


Almost 




Proteoses 

Peplonea 


complete 

Ammo 

acids 



dase 

Peptides 


Almost 

Ammo 





complete 

acids 









Amylopain 



Almost 

Dextnns 




About 

complete 

maltose 



Steapsin 

Fata 

pH 7 8 

Almost 

Fatty 





complete 

acids + 





05% 

glycerol 





NaaCOa 




Ammo- 

Polypep- 


' Complete 

Ammo 




pepti- 

dase 

tides 



acids 


Intes- 
tinal 1 

Dipepti- 

dase 

Maltase 

Maltose 


Complete 

Glucose 





Complete 

Glucose + 


cells 




fructose 


Cactase 



^7rfiiipAffe 

Gloxxsee + 





galactose 


Bile 


Fats 



Emulsifies 



zymes, 




fata 

Promotes 







fat ab- 



aaltSj etc 




sorption 
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cook foods, espeaally meats, destroys pathogenic microorganisms 
which in some cases may cause senous disturbances m the body 
Storage, too, brmgs about chemical changes in the composition of 
foods, and meats kept at certain temperatures become more tender 
through the action of the natural enzymes m the meat slowly 
changing and softening the structure of connective tissue that holds 
the muscle fibers together, a proi^s taking place m from four to 
eight weeks * Some &uits and vegetables kept m storage also npen 
through the action of enzymes. It is qmte evident, then, that the 
preparation of foods often corresponds to, or is supplementary to, 
digestive processes Cookmg requires a much higher temperature 
to produce changes m food corresponding to those brought about 
by digestive enzymes at body temperature This has at least one 
drawback Prolonged cookmg is associated with partial or complete 
destruction of some of the vitamins, notably vitamm C (antiscor 
butic) and may destroy some of the delicate flavor of certam types 
of food However such a simple thmg as puttmg a cover on the 
vessel m which vegetables are boiled excludes the aur and conse 
quently prevents much destruction of vitamm C 

Salivary Digestion* 

The sahva is secreted by three pairs of large glands, the parotid, 
the submaxiUary, and the sublingual and mcludes the secretion of 
numerous small glands that are pr^nt m the lining of the oral 
cavity Saliva contams over 99 per cent water and less than 1 
per cent sohds The chief solid is mucin, which is a glycoprotem 
that renders the sahva viscous and ropy and accounts for its lubn 
catmg action Other solids mclude the enzyme salivary amylase 
(pt 3 ^ahn), and inorganic and oi^anic substances that are derived 
&om the blood The inorgamc salts of sahva have two important 
functions — the phosphates act as buffers that tend to maintain the 
reaction (pH) of the saliva constant, and the chloride ions are 
essential as coenzymes for the salivary amylase 

The flow of sahva (about 1500 ml daily) la the result of stimula 
tion of the sahvary glands by the nervous system, as is evidenced 
by the fact that actual contact with food is unnecessary since sight, 
odor, or even thought will cause the sahvary glands to secrete 
profusely 

*Th«T«n(Iera7 Process SteriUzaiMaccviaplisb thu result in one to two by keep 
tag the meat free from bacterial action of the air at a temperature of 60* F and a 
himudity of 90 
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Other factors which influence secretion are the nature and quan 
tity of the foods eaten, and the thoroughness of mastication 
Salivary Amylase or Ptyalin is the principal enzyme of the 
sahva This enzyme is capable of hydrolyzmg cooked starch mto 
deztnns and maltose 

Starch teluble starch — > dextrine — ^ maltose 

( •ryriifedaxtrin \ 
odireedcxrrh / 

The maltose so produced 13 later hydrolyzed by mtestmal maltase 
to glucose 

As foods are usually masticated only for a relatively short time 
before they are swallowed very little digestion of starch takes place 
m the mouth Fortunately, sahvary digestion may proceed for 
some time, 10 to 20 minutes or even longer, after reaching the 
stomach, owmg to the tune required for the food m the stomacb 
to become mixed with the acid gastnc juice This acid medium 
eventually inhibits any further action of the sahvary enzymes The 
main fundiony then, of the saliva is to begin hydrolysis of cooked 
starch into dextrins and maltose In addition, sahva keeps the mouth 
moist, and dissolves and lubneates some of the masticated food, 
whose juices stimulate the taste buds, thus making food more 
palatable 

Gastric Digestion* 

The food upon passing through the esophagus enters into the 
fundus of the stomach, a hollow muscular pouch, whose lining is a 
soft mucous membrane arranged in folds It is in these folds that 
the glands are found which secrete gastnc juice (2000 to 3000 ml 
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daily), a thin, watery, strongly aad (0 2 to 0 5 per cent HCl) solu 
tion Gastric jmce contains gastric proteinase or pepsin, a protein 
splitting enzyme, rennm, a milk coagulating enzyme, and traces of 
gastric lipase, a fat splittmg enzyme (Fig 2) 

The gastnc glands (fundus and pylonc), hke the salivary glands, 
are stimulated by psychical and chemical action Tlie psychical 
form of stimulation is mainly pleasurable anticipation, which causes 
a rapid flow of gastnc jmce, while strong mental or physical ac 
tmty, such as anger or excitement retards its flow The chemical 
atimuh may be produced by certain substances, particularly the 
soluble extractives of foods As the extractives of meat are qmte 
effective m this respect we may understand the value of beginmng 
a meal with a clear soup as an appetizer 
The formation of the hydrochloric acid m the gastric jmce is 
closely associated with the panetal cells of the gastnc glands The 
chloride ions of the hydrochlonc acid probably come from the so 
dium chlonde m the blood and the hydrogen ions perhaps from some 
weak acid such as carbonic aad One prevailing theory is that 
hydrochlonc acid forms as the result of an interchange of ions be 
tween sodium chlonde and carbonic acid, as indicated in the 
following equation 

Na+CI + H^-HCOs ^ N0+HCO3-- + H+Ch 
The concentration of the acid secreted is fairly constant (0 2 to 
0 5 per cent) If the percentage of acid is below normal (hypo 
aadity) as may occur m pemiaous anenua and cancer of the 
stomach, digestion is retarded Furthermore, m hypoaadity, there 
IS less check on the growth of the microorganisms m the stomach 
The hydrochlonc acid is secreted largely after the food enters the 
stomach, and then it comes into contact with the food Occasion 
ally, the secretion of hydrochlonc acid is above normal (hyper 
acidity) In peptic ulcer patients there is often hyperacidity a 
condition cl(»ely assoaated with emotional stram and overwork 
Pepsin or gastnc proteinase is produced as an inactive zymogen 
(pepsinogen) by the chief ceils of the gastnc glands When the 
pepsinogen comes in contact with the acid produced by the panetal 
cells it IS activated and converted into pepsm This enzyme acts 
on most of the proteins of the ingested foods and converts them into 
soluble proteoses Some proteoses may change to peptones or even 
to higher polypeptides during gastnc digestion 

Prolems ^ Proteose* ^ Peptones 
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Thi3 partial hydrolysis of the protems in the stomach is of great 
importance in that the protemases of the pancreatic and intestinal 
secretions are ahle to act more qmddy and completely m furthermg 
digestion of the proteins in the small intestine 

Rennin is the enzyme m the gastric juice of young animals 
which splits the casern molecule of mtltr mto two smaller molecules, 
called paracasem, each of which mutes with a calcium ion to form 
insoluble calcium paracaseinate 'Hus insoluble formed protem 
digests more readily than colloidal casein and furthermore, pro 
longs the digestive action of pepsm, the chief proteinase of the 


stomach 


rannin 

Co^ 

Casein ) pafacatein - 

) Ca paracaseinate 

(selubfe) 

(intoiubla milk clot) 


Attention is especially called to the fact that rennin can clot milk 
m a neutral solution, an important property m the digestion of 
milk in unweaned babies Curdling of milk may also be produced 
by aada or by the action of pepsin 

Gastric hpase a fat splitting enzyme, is of but slight importance, 
largely because of the presence of hydrochloric acid, which is un 
favorable for the emulstdcation of fat and the action of the enzyme 
Some fatty acids and glycerol are probably formed as the result of 
the hydrolysis of emulsified fats such as those occurring m nulk 
and egg yolk 

In two or three hours the combu^ efiect of the proteolytic en 
zyme, hydrochloric acid, and the chummg of the wavehke con 
tractions of the stomach convert the food mto a thui watery 
hquid, called chyme It is m this way that muscle fibers and the 
connectmg tissues of meat (in the presence of acid) absorb suffi 
cient water to cause them to swell, soften and become more accea 
Bible to further digestion by the enzymes 

Followmg the action of the enzymes and the formation of chyme, 
peristaltic contractions propel this matenal forward toward the 
pylorus Succeeding peristaltic waves force this senuhquefied food 
through the opening of the pylorus mto the small mtestme The 
acid is immediately neutrahzed by alkahne mtestmal juices, re- 
flexes occur, and tte pylonc opemng closes Recent opmions on 
the discharge of food firom the stomach seem to favor the view that 
many factors control this process rather than that either the hydro 
chlonc aad or the state of the digestive products alone governs 
this action 
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Intestinal Digestion: 

The Lqiud food (chyme), upon leaving the stomach, enters the 
duodenum which is the first 11 or 12 inches of the small mtestme 
From a digestive standpomt the duodenum is the most important 
part of the intestine Here, the diyme is acted upon by three 



Fig 3 — Avoiding Guesswork. Doctor ftuoroscopes patient s digestive tract with 
aid of X ray unit Whot soil mokes tfus exommotion possible? Courtesy, Genera/ 
E/eefric Co 
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jmces the bile, the pancreatic juice, and later, by the intestinal juice 
(succus entencus) The aad cf^me is neutrahzed on entering the 
mtestme and when the food is sufficiently alkahne the action of the 
digestive enzymes of the intestinal juices begins The acid food 
upon contact with the intestmal mucosa reacts with prosecretin 
elaborated by the duodenum cells to form secretm, a hormone which 
enters the blood stream and stimulates the pancreas to secrete the 
pancreatic juice Simultaneously, bile flows mto the duodenum 

Pancreatic Juice This secretion (500 to 800 ml daily) is a 
clear, watery, alkalme (pH 7 5 to 8 or 0 5 per cent Na 2 C 03 ) solu 
tion, much like saliva, but far more important than either the 
salivary or the gastnc secretions Pancreatic juice contains several 
important enzymes tripsin, a protein sphtting enzyme, chymo 
trypsin, a milk clottmg and protein sphttmg enzyme, carboxypep 
tidase, which hydrolyze peptides to ammo acids, amylopsin or pan 
creatic amylaee, a staich sphttmg enzyme, and steapsm or pan 
creatic hpase, a fat splitting enzyme 

1 Trypsin or pancreatic proteinase appears m its mactive form 
tfrypsinogen ) , which is readily converted mto the active trypsm by a 
substance called enterokinase Accordmg to the present view, 
enterokinase is an enzyme that occurs in the secretion of the walls 
of the duodenum, acts upon trypsmogen as a substrate, and con 
verts It mto trypsm Trypsm is an important enzyme of the pan 
creatic jiuce, and is much more effective than pepsm upon the 
proteins, because trypsm not only catalyzes native protem hydrol 
ysis, but also continues the hydrolytic process to the ammo acid 
stage 

Proteins — ^ proteoses — > peptones polypeptides — )■ peptides amino 

acids 

2 Chymotrypsm is secreted m the pancreaticjuiceasan mactive 
zymogen, chymotrypsmogen, which is activated m the duo 
denum by trypsm llie act've enzyme has an action very similar 
to trypsm but m addition has a powerful milk clottmg activity 

3 Carboxypeptidase This p^tidase of the pancreatic juice 
catalyzes the hydrolysis of cer^n peptides to ammo acids 

4 Amylopsin or pancreatic amylase, the starch-sphttmg en 
zyme, has an action similar to salivary amylase [ptyalin) Amylop- 
sm not only changes any starch incompletely acted upon by sah- 
vary amylase into maltose, but it is capable of digratmg uncooked 
starch 
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Sfarch -4 dexinns malfosa 

5. Steapsin or pancreatic lipase, the most important fat-splitting 
enzyme, has the power of hydrolyzing neutral, emulsified fats to 
glycerol and insoluble fatty adds. 

CsHb ■ (CieHasOsla + 3HOH 3H ■ CisHasOa + CaHstOHja 

(a for) (oKofubto stoorto Iglyeerol) 

There is no marked difference between the digestibility of animal 
and vegetable fats. The percentage of digestibility of edible fata 
follows: vegetable fata 97.1 per cent, butter and lard 97 per cent, 
animal fats 96 per cent, and hydrogenated vegetable oils 93.5 per 
cent. 'Ihe emulsification of fat and the consequent hydrolysis of 
the fats are greatly accelerated by the bile salts. 

Intestinal Juice: The intestinal juice represents the combined 
secretion of the glands which line the walls of the small intestine. 
It was formerly believed that this secretion had a strong digestive 
action since preparations of ground intestinal mucosa possessed 
powerful disaccharide splitting enzymes and also peptidase activity. 
However, at present, authorities feel that these enzymes are located 
inside of the cells of the intestinal wall and are never present in 
appredable amounts in the secretion of the intestine. 'ITie diges- 
tive action of these enzymes is exerted as food passes through cells 
of the intratinal wall in the process of absorption. The disaccharide 
splitting enz 3 mies include sucrose, maltase and lactase which 
catalyze the following reactions: 

S«Krat« 

Sucrose -4- H 2 O -■ - — 4 Glucose + Fructose 

Mahot* 

Maltose + H 2 O -■ • ) Glucose + Glucose 

Lactose + H 2 O — — ■ > Glucose + Galactose 

The completion of protein digestion is also accomplished by the 
action of several intracellular peptidases (known collectively as 
erepsin) which include at least two different enzymes, aminopepti- 
dase and dipeptidase. The ead products of protein digestion are 
amino acids. 

The fact that the secretion of the intestinal wall does not contain 
large quantities of enzymes should not be reason to regard it as 
unimportant since it also has an important function in neutraHza- 
tion and lubrication. 
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SELF-TESTING QUESTIONS 

24 Name the salivary glands 

25 Discuss the composition of saliva 

26 What produces a flow of saliva? 

27 Name the salivary enzymes and their functions 

28 Name and state the function of each enzyme in the gastric jmce 

29 How does hydrochloric acid of the gastric juice laduence digestion^ 

30 What 13 chyme? 

31 What IS the function of secretin^ 

32 Name the pancreatic enzymes and their functions 

33 What is the function of each intestinal enzyme'^ 

Bile 

Bile 13 a viscoug yellow to brown, bitter tasting alkaline fluid, 
that IS secreted (500 to 800 ml daily) by the hver and flows via the 
hile ducts into the duodenum The rate of secretion and of flow of 
bile 13 influenced by the nature of the food undergomg digestion, 
the stimulation probably being influenced by a hormone, secretin. 
Many salts such as Epsom salts stimulate the flow of bile In the 
absence of food, most of the btle is diverted to the gallbladder 
(about 30 ml capacity) where it is stored and becomes concentrated 
to one tenth its previous volume by lymphatic reahsorption of 
water, salt, cholesterol, and pigment from it and by the addition 
of mucin, a secretion &om the wall of the gallbladder During 
active digestion the contents of the gallbladder are evacuated into 
the duodenum and thus provide a concentrated supply of bile 
The bile may also be considered an excretion, since it ehminates, 
as waste products of cellular action, certain substances which it 
alone can dissolve (e g , cholesterol) In addition to the hpids, 
mucin, and bile pigments, bile contains certain salts, the importance 
of which will be discussed 

The following table shows the common constituents in bile 


Secretion Components 

Excretion Components 

Bila eslta 

Bile pigments 

Sodium hydrogen carbonate 

Cholesterol 

Water 



The Bile Salts or Bile Acids Although bile contains no 
digestive enzymes it plays an important role in the digestion and 
absorption of fat and indirectly that of other foodstufls As it is 
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alkaline, the bile along with the pancreatic juice and intestinal 
jmce neutralizes the acid chyme from the stomach As already 
mentioned the bile contains a type of compoimd called bile salts 
or bile acids “nie two most important of these substances are 
sodium glycocholate and sodium taurocholate A most important 
property of the bile salts is that they act as wettmg agents by lower- 
mg surface tension of water, and m so doing give greater penetra- 
tion, and facihtate the emulsification of fat In the absence of 
adequate emulsification very little fat digestion by pancreatic 
hpase (steapsm) occurs in the intestme 

In addition the bile salts play an important role m fat absorption 
by unitmg with the insoluble fatty aads, hberated from fats by 
hpase action, to form soluble compounds known as choleic aads 
These choleic acids upon absorption separate agam, and the fatty 
aads unite with glycerol m the lymphatic vessels of the vilh 
(lacteals) to form fats which are transported by the lacteals to the 
thoraac duct and eventually to the blood stream The hberated 
bile salts are then available for further use by the hver They are 
resecreted into the bile and thus undergo a type of circulation — 
i e , from blood, to hver, to bile, to intestine and back to blood 

Ihe bile salts possess the property of stimulating the secretion 
of bile and as such can be regarded as cbolagogues (substances 
stimulating the flow of bile) They also aid peristalsis In the 
absence of adequate bile flow extensive putrefaction of protem 
occurs m the lower portion of the gastromtestinal tract This is 
due in part to the decreased peristalsis and m part to the undi- 
gested fat which forms an oily film over protem particles and retards 
their digestion Thus the absence of bile causes serious disturbances 
of mtestinal digestion and absorption llie feces contain greatly 
mcreased quantities of fat and may be clay colored and greasy, 
and have a very foul odor In some cases constipation may result 
from decreased peristalsis 

The Bile Pigments These consist mainly of bilirubin and 
bihverdin, mostly* formed when the hver salvages “organic iron” 
from the blood pigment (hemoglobm) of worn out red blood cells 
In this decomposition of hemoglobm mto globm and hematin, the 
latter, with loss of iron, changes mto bile pigments which impart 
a yellow to brown color to bile Bihrubm has a reddish cast, while 
its oxidized product, bihverdm, is a green pigment Normally 

* BOa pi^entB may be formed m other tiasue, e. epleen, bo&e marroir lympb 
glands 
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there is little or no biliverdin in the bile but on exposure of bile to 
air it will turn green because of oxidation of bilirubm to biliverdm 
Oxidation produces a senes of colored compounds, including bih 
cyanm, a blue pigment The senes of colors m bruised skm is un 
doubtedly due to the decomposition of the hemoglobm hberated 
by mjured red cells which exuded from the capiUanes of the injured 
tissue Obstruction to the bile ducts, disease and dysfunction of 
the hver or an abnormal destruction of the red blood cells will 
result in an increased amount of bilirubin m the blood Hus will 
diffuse into the skm and mucous surfaces and will give them a 
characteristic yellow color which is known as jaundice or icterus 
In the mtestmes, the reducmg bactena change bile pigments in 
part to sterco&i/m, a brown pigment, which accoimts for the char 
actenstic color of feces Some urobilm is also formed, and a part of 
the yellow color of unne is due to this pigment It is of secondary 
importance to another yellow pigment in unne called urochrome 
Too frequent elimination (diarrhea) does not allow for much re 
ductios of bile pigments with the consequence that feces then have 
a deaded yellow instead of a brown color, the color depending 
somewhat on the cause of the diarrhea 
Cholesterol This important excretory compound of the 
bile IS ordinarily soluble m bile However, in the presence of 
foreign substances, such as mjured cdls or bactena, the cholesterol 
tends to crystalhze, carrymg with it some bile salts and pigments 
to form gallstones It may also play a part m artenosclerosis 
Cholesterol is an alcohol (CjtH^sOH) and like glycerol (CsHsCOHls) 
unites with fatty acids tolorm esters but it differs in that its esters 
do not easily saponify When cholesterol deposits on the inner sur 
face of blood vessels, hardening of the artenes occurs Lanolin, the 
fat of sheep’s wool, contains the steanc, palmitic, and oleic aad 
esters of cholesterol 


SELF>TESTING QUESTIONS 

34 What 13 bile? 

35 What stimulatea the flow of bile’ 

36 Why may bile be called an excretion’ 

37 What are the functions of the bile’ 

38 How does the absence of bile affect digestion? 

39 What are the two chief bile pigments’ 

40 What are the functions of sodium glycocholate and sodium tauro 

cholate’ 
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V. BACTERIAL DIGESTION AND ABSORPTION 
Bacterial Action in the Colon: 

Following mtestmal digestion any undigested, unafasorbed food 
IS forced into the large intestine, or colon, where it is subject to 
the action of bacteria A small amount of matenal may be absorbed 
here, but there are no secretmg glands to produce further digestion 

Ordinarily, most of the bactena in food are killed by the amd 
chyme of the gastric juice However, upon reaching the more 
alkaline fluids of the intestme, neutralization of the aad takes 
place and a medium favorable for the growth of bactena is pro 
duced Normally in the lower part of the small intestme and in 
the large intestine an enormous number of bactena are found 
Some idea of the number can be imagined when it is reahzed that 
more than one fourth of the weight of dned feces consists of dead 
bactena 

There are many kmds of bactena m the colon and the chemical 
changes which occur depend largely upon what matenal they act 
upon In other words, diet may regulate intestinal putrefartion 
For instance, to reduce putrefaction the amount of protem is reduced 
and carbohydrates are increased Whenever this is done the bac' 
teria act upon the carbohydrates to produce acids whidi are 
unfavorable to putrefaction Advantage is taken of this fact in the 
use of buttermilk, sour milk , and acidophilus milk to reduce m 
testmal putrefaction To reduce fermentation, proteins are largely 
substituted for carbohydrates In this way, very httle imdigested 
carbohydrates reach the colon for the action of the fermentative 
bactena Ordinanly, the greater the cellulose, hemicellulose, etc , 
content of the diet, the greater will be the amount of indigestible 
carbohydrate residues reachmg the colon 

Of recent and decided interest is the discovery that bactenal 
action depends largely upon the medium, and if the medium con- 
tains sufficient carbohydrates, no tone putrefaction products are 
formed For instance, the dipbthena germ in the presence of 
sufficient lactose merely changes lactose mto lactic aad, but in the 
absence of certain carbohydrates, the same bactenum develops the 
dread diphthena toxin 

Carbohydrates are readily attacked by certam bactena to form 
relatively nontoxic substances, such as aads Gactic and the lower 
tatty acids of the butync aad type), alcohol, and gases (CO2, 
CH4 H2) Cellulose, such as that of young celery, IS acted upon to 
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Bome extent by bacteria to produce compounds, which may be 
absorbed 

Bactena m the intestine perform the useful function of decom 
posing mdig^tible residues and perhaps m aiding the synthesis of 
certain water soluble vitemuir notably the B vitamins Quantities 
of vitamin K sufficient to meet the needs of the body are also syn 
thesized by intestinal bactena 

Fats do not appear to be acted upon by bactena, or at least not 
to any appreciable eztent It is po^ible that some fatty aad and 
glycerol may be formed by bacterial decomposition of fats 

Protein decomposition by bactena yields ammo acids, which 
further decompose by first splitting off ammoma (deaminization) 
and then carbon dioxide (decaiborylation) to form certain phenols 
from aromatic ammo acids, or the ammo acids may only split off 
carbon dioxide and immediately produce more tone amines His 
tamme, phenol, mdole and skatole are some of these decomposition 
products the latter two contributing to the characteristic and dts 
agreeable odor of feces 

The derived phenols acids and amines resulting from bacterial 
action are tone when absorbed m excess of the amoimt that can be 
detoxicated by the bver and eliminated ma the kidneys as harmless 
compounds Hitherto, the prevailmg opinion was that during con 
stipation these putrefaction products are absorbed and are re 
sponsible for such ills as headaches, irritability, and general 
malaise^ This does not seem entirely wairanted in the light of 
experimental evidence These autointoxication symptoms may be 
produced by abnormal distention of the lumen of the rectum as 
when the rectum is packed with cotton The acceptance of this 
statement seen^ to be warranted when we consider that evacuation 
of the colon following constipation gives rebef from these symp 
toms m certam uncompbeated cases The prompt rehef withm a 
few minutes following evacuation suggests that the disturbance 
was partly of a nervous ongm Elimmatmg the toxic materials 
from the body would require a much longer time 

These observations along with the recognition that certain im 
portant vitamins mav be synthesized and contributed to the body’s 
economy by mtestmal bactena have caused a considerable shift in 
attitude regarding the usefulness or harmfulness of intestinal bac 
teria In general at the present time it is felt that they do perform 
useful functions and that it is only when there is a disturbance of 
function or a diseased state that they produce undesirable effects 
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Absorption: 

No absorption of food takes place in the mouth and but very 
little from either the stomach or tire colon. From the colon, water 
and some salts are absorbed, the absorption of the water accounting 
for the consistency of the feces. Practically all absorption of food 
takes place in the small intestine, which are particularly well 
adapted for this purpose by reason of their great length (about 25 
feet), because of the long time foods remain in the intestine (about 
five hours; sometimes several days), and the large exposed surface 
(about 100 square feet). 

The vascular projections in the intestinal walls are known as 
villi. They afford an extraordinarily large surface, and, with their 
rich and rapidly circulating supply of blood and lymph, they per- 
mit quick absorption of digested food materials (Fig. 4). 




"Bl flBna (land Cefillar/ 

Fig. 4 — How Food Enter} the Blood. The villt ob^orb digested prof9itt% end 
carbohydrates Digested fat enters the lacleols and lymph If each villus were 
a pit, like an intestinal gland, bow would Ihs rote of absorption be ottered* 
From "Bio/ogy for Todoy," Gmn & Co 

Carbohydrates, as monosaccharides, axe readily absorbed and car- 
ried by the blood to the liver. Here they are largely converted to 
liver glycogen which as a reserve of carbohydrate gradually breaks 
down to maintain constant levels of blood sugar. 

Fats, as already mentioned, are emulsified and hydrolyzed to 
form fatty acids and glycerol, the glycerol being readily absorbed 
in the epithebal cells of the villi, while the insoluble fatty acids are 
probably absorbed as complex compounds (choleic ad^) formed 
by the addition of bile acids and fatty acids. The glycerol and fatty 
adds reunite to form fats, whidi pass from the epithelial cells to 
the lacteals. and in l 3 rmph to the blood, and thence to the tissues 
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Proteins are absorbed in the form of amino acids. A part of the 
amino acids is used to build tissue protoplasms and a part is oxi- 
dized to urea, carbon dioxide, and water with the formation of 
energy. Before amino acids are oxidized they must first be deami- 
nized (pp. 417, 521); this process of splitting off ammonia takes 
place in the liver. It sometimes happens that traces of unchanged 
proteins (native), and probably partly decomposed proteins, are 
absorbed from the intestines following the ingestion of certain 
foods which act immunologically on the system. Such food idio- 
syncrasies are peculiar to certain individuals, and often follow the 
eating of strawberries, eggs, and certain other food proteins. 
Sensitiveness to food proteins has been held responsible for some 
forms of allergy,* including asthma, and certain skin eruptions 


SUMMARY OF FOOD ABSORPTION 


Food 

Absarba. 
He Food 
Coni’ 
pound 

Place of 
Absorption 

Poufe in 
Cireulalton 

Food Products 
Carried by 
the Blood 

Carbohy. 

drBtea 

1 

MoDoaac- 

charides 

Blood vessels 
of villi Hec- 
turn or aay 
part of the 
gut aa Id in- 
testinal ob- 
struction 

Blood of portal 
vein to the liver 

Glucose (part of 
the glucose ab- 
sorbed and that 
fonoed from the 
fructose and 
galactose is 
changed by ihe 
liver into glyco- 
gen Other tis 
sues may form 
glycogeni 

Fate 

Glycerol I 
Fatty ! 

Epithelialcella 
of Vllil 

Lacteals to lyin 
phatics, to left 
thoracic duct, 
to blood 

Emulsified fat, the 
absorbed glyc- 
erol, and fatty 
acida having 
been reunited in 
the cells of the 
mucosa 

Proteins 

' Ammo 
acids 

' Blood vessels 
of Vllll 

' Blood of the por- 
tal vein to the 
liver and to 
other tissues 

Ammo acid* 


*AUer|ries aie unusual reactiona to any substance They may be cauaed by foci of 
Infection, by the foods we eat, or by Uungs we touch or Inhale Abo allergy patients may 
become sensitive to intangible agents such as sunlight beat, cold and pressure 
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Inorganic salts, especially those containing sodium, potassium, 
and chlonde ions are readily absorbed through the intestines, but 
some ions such as magnesium and sulfate ions undergo very little 
absorption, and are more likely to withdraw water from the tissues 
by osmosis, a fact emphasized m the laxative action of Epsom 
salts (MgSOi) 

The absorption of calcium and phosphorus ions is largely due to 
the presence of the antirachitic vitamm D 

The Feces* 

The gaatromtestmal tract represents a pathway of excretion for 
the body It has already been mentioned that bilinibm and cho 
lesterol are excreted mto the intestme through the bile In addition 
a certam amount of excretion of waste substances is carried out 
by the mucosa of both the small mtestine and the large intestme 
The feces also contain undigested, indigestible, and unabsorbed 
food residues along with residues of the gastrointestinal secretions 
(digestive juices) The waste substances of food include indi 
gestible cellulose from carbohydrates, undigested connective tissue 
from meat proteins and undigested fats This complex mixture 
provides an ideal medium for the growth of microorganisms and 
actually m the cecum and colon are found enormous numbers of 
bacteria of various types It has been estimated that as much as 
half of the bulk of the stool may be due to the bodies of dead and 
livmg bacteria 

The composition of the feces will vary greatly depending on the 
ratio of the various constituents mentioned In diseases of the 
pancreas and liver, where there is a deficient flow of piancreatic 
juice and bile digestion m the mtestme is impaired and large 
quantities of fat and protein appear m the stool 

Normally there is no blood m the stool but if a lesion is present 
m the gastrointestinal tract, bfood can usually be detected ff 
the bleeding is m the lower colon or rectum the blood can be recog 
mzed as such However, if the bleedmg is higher, such as may 
occur in peptic ulcer or in carcinoma of the mtestine, the blood is 
altered and is referred to as occult (hidden) blood If the quantity 
of occult blood IS large the stools will have a black, tarry appear 
ance which is quite characteristic but if the amount is small it is 
necessary to employ a chemical test (such as the benzidine test) 
for the identification of the blood 
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SELF-TESTING QUESTIONS 

41 What action takes place when food enters the colon^ 

42 Docs digestion take place here? Explain 

43 How IS the putrefying action of bacteria reduced? 

44 The production of acide in the colon baa what efTecf^ 

45 What products are formed by bacteria acting upon carbobydratea’ 

46 How do bacteria act upon proteins'^ 

47 What IS the effect of the absorption of putrefactive products^ 

48 What may cause symptoms of autointoxication? 

49 What 13 the relation between carbohydrates and toxic putrefactive 

products’ 

50 In what way may cellulose be made available to the body’ 

51 Where are foods absorbed’ 

52 What happens to the carbohydrates after absorption? 

53 In what form are fata absorbed? 

54 What la the effect produced by the absorption of protein (unchanged 

protem)? 

55 What components of foods resist digestion’ 

56 What significance is attached to finding large quantities of fat and 

protein m the feces? of blood? 

SUGGESTED ACTIVITIES 

I TiIOUOHT PROVOEINO QUBgrtONS 

1 The fact that enzymes are inactivated by alcohol salts of heavy 

metals and heat shows what classification of an enzyme’ 

2 What 13 there about the nature of sugars and mineral salts which 

permits them to be absorbed directly while starches fats and 
proteins must be changed m order to be absorbed’ 

3 Why does it require a much higher temperature to oxidize sugar 

outside the body than it does inside’ 

4 How does the appearance of food indirectly aid digestion’ 

5 Enumerate the possible functions of hydrochloric acid in the 

stomach 

6 What useful purpose do the bsctena in the colon serve’ 

7 Why are the small intestines well adapted for the absorption of 

food’ 

8 Where and in what forms are the various foods absorbed? 

9 In what forma are the foods carried by the blood? 

10 In what ways does trypsin difiTer from the action of pepsin pepti 

dases from pepsin and amylopsin from ptyalin’ 

11 What hydrolytic changes in foods are produced by the digestive 

fluids’ 

12 How are the bile salts supposed to function? 

13 What conditions may cause bile constituents to be increased in 

the blood’ 

14 How do you account for the senes of colors in a bruised skin 

usually called ' a black sod blue spot ’ 
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15 Coosidenog that contains lactose, iat, the proteins, water, 
and inorganic salts, state the action which takes place in the 
passage of milk along the alimentary canal 
II VocABUij^RY Testing of New Tbrus 


enzyme 

digestion 

hormone 

steapsm 

coenzyme 

ptyalm 

trypsin 

peptidase 

antienzyme 

pepsin 

enterokinase 

bile 

zymogen 

rennm 

amylopsm 

cholesterol 

apoenzyme 

secretin 




III Topics for Oral or Writtem Reports 

1 The Chemical Makeup of the Body Cells 

2 Enzymes as Catalysts 

3 The Nature of the Body Enzymes 

LABORATORY CHEMISTRY 

Laboratory exercises for this chapter will be found on pages 735, 737, 739 
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THE CHEMISTRY OF BLOOD AND LYMPH 


CHAPTER OUTLINE 


I Blood 

(a) Charactenstica of blood 

(b) Functiom of blood 

(c) Composibon of blood 

11 Formed Elements 

(a) Erythrocytes or red cells 

(b) Leukocytes or white cells 

(c) Platelets 

(dj Clottisg of blood 

III Acid Base Balance oetre Blood 

(a) Coostaney of blood reaction 

(b) Hydrogen ion concentration 

pH 

(c) Proteins as buSen 

IV Blood Chbmistr? 

<a) Teats for blood 

(b) Blood groups and transfus oo 
(e) Rh factor in blood 
(dj CoUectiOQ and preservation of 
blood 


(e) Blood analysis as an aid in di 
agnosis and prognosis 
V Plasma 

(a) Function of plasma 

(b) Function of the plasma 

proteins 

(e) Other plasma constituents 
VI PONCnONS OF THE BloOD 

(a) TVansportation of nutrients 

and oxygen 

(b) Transportation of waste 

products 

(c) Transportation of hormones 
(d> DilTuaion of heat 

(e) Defensive action of the blood 

(f) Other blood constituents 

(g) Tissue oxidation 

VII Extracellular Water and 
Ltmfh 

(a) Functions of lymph 

VIII AKTIBlOnCS AND SULFA DRUCS 


K BLOOD 

Characteristics of Blood 

Blood js a bnght red fluid shghtly heavier than water, average 
specific gravity 1 060, and faintly alkaline (pH 7 35) In the 
arteries it has a scarlet cast and in the veins a purplish hue Ap 
proximately 1/10 of the body weight is blood, some variations 
occurring m pathological conditions For instance, an increase in 
volume (plethora) is associated with polycythemia (pol e si the'me 
ah), chlorosis (klo ro'sis), and in some cases of anemia, but a 
decrease occurs m infantile diarrhea, absence of dnnking water, 
fevers, severe buna, shock, intestinal obstruction, and in the 
inhalation of poisonous gases 

Functions of Blood: 

Blood acts to a large extent as the transportation system of the 
body and its five chief functions are 

1 To transport nutnents and oxygen to the cells 

2 To carry waste products from the cells to the organs of 

excretion 
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3 To transport the internal secretions (hormones) 

4 To distribute heat and regulate body temperature 

5 To aid m defending the body against mvadmg disease germs 



Fig I'-The Human H«art and Blood Creulolon How dee* the Keort oparal* 
much I ke a mochen cal pump^ Not* Th* Urm otr urn has succeeded the term 
auricle Courtesy of New Wonder Worfd 

Composition of Blood 

The composition of blood vanes somewhat, but it contains 
approximately the following constituents 


( Water 78% 

Froteuu 18 5% 

Glucose 0 1 

Solids 22 % ‘ Lipids (fats) 1 4 

Salts (ioorpinic) 2 5 

Waste products etc 0 5 

Whole blood consists of a liqmd portion called the plasma m 
which are suspended cells or 'Termed elements” known as the 
erythrocytes, or red corpuscles, the leukocytes, or the white cor 
puscles, and the platelets The plasma, then, is the blood minus the 
formed elements In the clotting of blood a soluble protein, called 
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fibrinogen, changes into the insoluble protein, fibrin, in which are 
enmeshed the corpuscles Upon contraction of the blood clot, a 
clear, shghtly yellowish liquid, the serum, separates Serum then 
IS essentially plasma minus fibrinogen The following table shows 
most of the constituents in blood 


CONSTITUENTS IN BLOOD 

{ Red blood cells (Eiythrocytes) 
White blood cells (Leukocytes) 
Platelets 


Blood 


Water 

( Oxygen 

GaseaX Carbon dioxide 
( Nitrogen 

( Carbohydrate (Glucose) 

Fat (neutral fat and fatty acids) 
Protein (ammo acids) 


Serum albumin 
Blood proteins Serum globuLn 
Fibrinogen 


1 


f Chlorides 1 

[ Sodium 

[ Plasma ^ 

1 


1 Bicorbonates 1 , 

1 Calaum 

ba 11 ' 

i Sulfates f ® 1 

1 Potassium 



[ Phosphates ) 1 

[ Magnesium 


NitrogeDou* wnstt 


products 


Urea 
Unc acid 
Creatine 
Creatinine 


f Antitoxins 

Protective subsnncesl 

I Agglutinins 
I Bictenolysms 


Hormones (mtemal secretions from ductless glands) 


SELF-TESTING QUESTIONS 

1 What are the chief functions of the blood^ 

2 What are the colors of arterial and venous blood’ 

3 What proportion of the body weight is blood’ How does blood react to 

indicators’ 

4 State five important constituents of the blood 

5 What IS the distinction between whole blood plasma and serum? 
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II. FORMED ELEMENTS 

Su^nded in the plasma are three tyjies of formed substances 
or cells which make up sbghtly less than one-half the volume of 
human blood erythrocytes, the oxygen carrying cells, leukocytes, 
the disease resisting cells, platelets, indispensable for the blood 
clottmg These cellular substances (corpuscles) may be separated 
from the plasma by sedimentation, or by centrifuging, and smce 
the corpuscles differ m their density, the major portion of the red 
corpuscles which are heavier will occupy a layer below the white 
corpuscles, which have a lower specific gravity 

Erythrocytes or Red Cells* 

The red corpuscles normally number approximately 5,000,000 
per cubic milhmeter m men and sbghtly less m women This 
number may vary greatly under different conditions, such as 
altitude, exercise, starvation, drug administration, disease, etc 
Under the microscope, the red cells appear as circular biconcave 
discs, whose form changes somewhat m the small capillaries (Fig 2). 
They have no nucleus, except when found m the bone marrow is 
the formative stage l^e span of life of the red cells is rather short, 
and a sigmficant number are destroyed daily Some chemical 
change apparently takes place rendenng them less resistant to 
destruction, until at the end of from 60 to 120 days they wear out 
and are destroyed by the reticulo endothehal system which is made 
up of phagocytic cells in the spleen, bver, and bone marrow This 
indicates the necessity for repeated blood transfusions m some 
pathological conditions m whi^ the normal formation of new red 
blood cells by the bone marrow is decreased, resulting in severe 
anemia 


Fig 2 — ^The Gaj Carr ftrs Human red cell* under 
the microscope possess a pale greenish yellow 
color Courtesy Book of Knowledge by per 
m ss on of the Grol er Soe el/ 
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The principal characteristic of the red cells is the red coloring 
matter, hemoglobin, which is a combination of the protein, globin, 
and an iron compound, called hematin. The main function of the 
hemoglobin is to combine with the oxygen in the Ixmgs and release 
part of it again to the tissues. 

Hemoglobin 4* Oxygen ^ Oxyhemoglobin 
Hb O 2 HbOs 

During respiration, atmospheric oxygen in the lungs diffuses 
through the walls of the alveoli, and combine with the hemo- 
globin to form oxyhemoglobin (HbOi), the bright red (scarlet) sub- 
stance in arterial blood. As the blood circulates through the 
capillaries in the various tissues, the oxyhemoglobin gives up its 
oxygen which is used by the tissues for oxidation. Upon this loss 
of oxygen by the oxyhemoglobin, the resulting hemoglobin imparts 
a dark red color to the blood, and when seen through the skin has 
a purplish cast (venous blood). Simultaneoxisly, in the tissue 
capillaries, excretory products are taken up, chiefly carbon dioxide, 
which exists mostly as carbonic add and sodium bicarbonate, a 
small amoimt only being combined with the blood proteins. The 
venous blood combines with this carbonic acid and thus carries 
the carbon dioxide to the lungs where it is exchanged for oxygen. 
This cycle is constantly going on and represents the basic process 
of respiration. 

The preceding chemical transformations which occur during 
respiration are of very great importance, and are more complicated 
than the above statements indicate. It is the supply of oxygen 
that makes possible tissue oxidations which are the source of all 
energy needed by the body, not only for heat formation, but also 
for the building up and functioning of the tissues. This is espedalJy 
noticeable in the brain cells where lack of oxygen causes giddiness 
and fainting spells. A total absence of oxygen, of course, quickly 
results in death. 

The number of red cells varies under different conditions, and 
the hemoglobin content of each cell may ako vary. Blood which 
contains an increased number of red cells (polycythemia) may 
impart a brick red color to the skin. On the other hand, a reduced 
number of these cells (anemia) gives a sallow and bloodless ap- 
pearance to the skin. This latter condition may result from (1) 
hemorrhage; (2) failure by the body to manufacture blood; (3) ex- 
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ces3ive destruction of red corpuscles by toxins — poisons resulting 
from chrome suppurating sores or malignant growths or parasites, 
such as malaria m the blood and certajn intestinal worms With the 
exception of pernicious anemia, most anemias are treated by 
dietary measures It has been shown that permcious anemia may 
be controlled by the consumption of certam organ extracts, espe 
cially liver extract These extracts of liver and stomach contain 
some substance that acta on the bone marrow to form red cells 
and effective control of permcious anemia can be accomplished 
by the injection of liver extract On this basis pernicious anemia 
IS a defiaency daease The lack of hydrochloric acid m the stomach 
of those having pernicious anemia suggests that this disease may 
be caused by some disturbance m gastnc digestion Two of the 
B complex vitamms, fofic acid {Lactobacillus casei factor) and 
vitamm Bis, are effective m the control of pernicious anemia 
Vitamm Bi-* is the active principle in liver extract 

Before leaving the discussion of the red cells we must not forget 
the fact that they undergo hemolysis (p 103) when diluted with 
water or treated with a variety of substances (fatty acids, bile 
acids, snake venom, ether, chloroform, soap, etc ) In some cases, 
the hemolytic change is so slight that the distended membrane 
does not burst, but nevertheless allows for the passage of the heroo 
globm from the red corpuscles into the plasma 

Leukocytes or White Cells* 

The white cells, of which there are several forms, number about 
6000 to 8000 per cubic miUimeter They are larger than the red 
cells and have a nucleus Blood which contains an extremely large 
number of white cells may appear creamy, this pathological condi 
tion IS known as leukemia Bacterial infection may produce a 
sigmhcant mcrease in the number of white cells White blood cell 
counts are used to assist the physician in detecting infection The 
white cells are capable of ameboid movement, and consequently 
may leave the blood and enter the tissues Injury to the cells or 
infection resulting from bacteria, immediately causes a migration 
of leukocytes to the infected part where they engulf irritating par 
tides, ingest and destroy the bacteria and degradation products 
of diseased tissues and cells This power of white blood cells to 
destroy bacteria is partly due to enzymes which they contain 
Because these white cells take up debris and bacteria, they are 
often referred to as “the scavengers of the body ’ Scavenger cells 
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or phagocytic cells also are present in most tissues When the 
tissue cells are injured or infected by bacteria, the condition that 
results IS known as inflammation The first evidence of inflamma 
tion IS a dilation of the blood vessels, a slowing of the blood stream 
Then the leukoc 3 rtes migrate to the irritated or infected portion and 
engulf the irritating particles or the bacteria In some cases of 
infection, the number of bacteria is so large that many white blood 
cells are destroyed by the bacterial toians with the result that their 
dead bodies comprise a large part of the pus formed 

White cells are produced in lymph nodes, m bone marrow, and 
in the spleen In all cases of inflammation, the red appearance of 
the part involved indicates the presence of a large number of red 
blood cells, the swelling pomts to the presence of an excessive 
amount of blood and lymph, the heat shows that blood has been 
brought from the deeper structures of the body, and the accom- 
panying pam indicates the pressure of the inflamed tissue and the 
effect of toxins upon the nerves 

Plaleletsi 

The platelets numbenng about 300 000 per cubic miUuneter are 
smaller then either the red or white cells, and appear as round or 
ovoid colorless discs They are not true cells, and little is known 
about them, but their origin is believed to be m the bone marrow 
Upon injury to the blood vessel wall, interference with circulation, 
or loss of blood, the number of platelets in the blood increases, a 
fact which suggests that they may, perhaps, have some relation to 
the white cells The mam function of the platelets is to assist m 
the changing of soluble fibrinogen to insoluble fibrin in the clotting 
of blood 

Clotting of Blood 

To prevent ios of blood from the body through mecharacal in 
jury to the blood vessels, the blood itself has a way of changing 
from a fluid into a jellyhke sobd on contact with mjured tissue 
According to one theory, blood contains prothrombin, which in the 
presence of calcium ions forms thrombin The thrombm, in turn, 
changes the soluble fibrinogen (protein) mto insoluble fibrin 

According to most authonties the mechanism is also dependent 
upon an activating substance yielded by the platelets, and the 
platelets are active only when injured As the fibnn separates from 
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the blood into a network of delicate threads, it holds the formed 
elements, chiefly red cells, mthm its meshes to form a jellyhke 
solid called the blood clot If the clotted blood stands, contraction 
of the fibrm fibers tak^ place and causes a pale yellow liquid 
known as blood serum to separate Such shrinkage exhibited by 
fibrm and other colloidal gels is Icnown as syneresis (p 113) 

The relation between whole blood and serum is as follows 
Whole blood mmus the formed elements is plasma, plasma minus 
fibrinogen is serum 

Curculatmg blood contains platelets, yet coagulation does not 
occur m the blood vessels With the knowledge that blood contains 
prothrombin, calcium ions, and fibnnogen, the question might be 
nghtfully asked why the blood does not ordinarily clot m the blood 
vessels This is due to antiprothrombm which mactivates the pro 
thrombin When blood exudes from the body, the platelets rapidly 
dismtegrate and there is present a substance which neutrahzes the 
antiprothrombm, with the result that the prothrombin, found only 
in the presence of vitamm K (p 599), is free to act and a blood clot 
IS formed Strong evidence has be«m adduced to show this sub 
stance is thromboplastin, or a closely related substance liberated 
from the damaged tissues or blood platelets The thromboplastin 
counteracts an antiprothrombm, heparin, which prevents the 
change of prothrombm into thrombin 
Summarizing this theory (Howell’s) of the normal clottmg of 
the blood may be schematically represented as follows 

Thromboplastin •(* Heporin Prothrombin Complex 
(Framinu cd (heporin|onant prolh embln] and proihrotn 

plots f ti and b n onlogonlz* •ath other and prothrombin 

t »uc«) ti Inact ve) 

-4 Thromboplastin *** Heporin Complex 4* Prothrombin 
Co** 

Prothrombin ^ Thrombin 

(whd« eotolytei the 
n«Kl reaction) 

Thrombin 

Fibrinogen - ■ > Fibrin 

(Soluble protein (Inioluble prole n 

of blood) which II lolld 

fromewo k ei 
clot] 

The prevention of the clotting of shed blood may be brought 
about by the removal of the calcium ions (Ca++), one of the essen 
tial factors in coagulation The usual laboratory anticoagulants 
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are ammonium oxalate and sodium citrate In coUectmg blood for 
transfusions citrate is used since it is nontoxic and can readily be 
metabobzed by the recipient whereas oxalate is relatively toxic 
when administered intravenously Commercial anticoagulants are 
hirudin, an extract from leeches, and heparin, an extract from 
liver or lungs When freshly drawn blood is whipped, the fibrm 
collects on the apparatus used, leavmg a suspension known as de 
fibnnated blood, which will not dot Usually the clottmg tune of 
blood is about three minutes but there are cases of people whose 
blood is very slow in clotting These people are called hemophihara 
(bleeders) This condition is hereditary and transmitted only 
through the female but manifests itself only m the male progeny 
Extensive mvestigations have been made m an effort to determme 
the nature of the clottmg defect in bemophiba but at the present 
tune the cause is not apparent It may be due to a lack of thrombo 
plastic factors 

Not infrequently, blood dots called thrombi occur m blood 
vessels, the clotting beuig due mainly to damage of the endothehal 
Immg of the blood vessels Such clots may cause serious disorders 
and even death 

SELF-TESTING QUESTIONS 

6 What IS the chief functioa of each formed element 7 

7 How are the corpuscles separated ixota the plasma and identified'^ 

8 Why are repeated blood transfusions necessary in some pathological 

conditions^ 

9 Describe the mechanism by which oxygen and carbon dioxide are 

earned in the blood 

10 Name three conditions producing anemia 

11 What produces hemolytic changes in the red cells'^ 

12 How do leukocytes differ from erythrocytes? 

13 How do the white cells function? 

14 What IS pus largely composed of? 

15 What IS the mam function of the platelets? 

16 What 13 eyneresis? 

17 What IS the explanation for the fact that blood does not ordmanly clot 

in blood vessels? 

18 Prevention of the clotting of blood to be used for choical purposes 

depends upon what? 

19 What 13 used to prevent blood clottmg durmg collection of blood for 

transfusions? 

20 What are thrombi and how may they be formed? 
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III. ACID BASE BALANCE OF THE BLOOD 
Constancy of Blood Reaction: 

It been shown bow certain salts m the blood assist m main- 
taining a constant nonnal alkabne reaction by counteracting the 
influence of varying quantities of acids and bases derived flrom 
foods However, no explanation has been previously given as to 
how the proteins also function in this respect Before considering 
the action of the proteins, it is advisable to turn to page 186 and 
review the data given on thm regulating system of the blood 
whereby it can take up tremendous amounts of acids and some 
bases without any appreciable change m its normal alkalinity 
(pH 7 4) The maintenance of this constant reaction depends 
mostly upon the amount of available basic bicarbonate (NaHCOs), 
the basic and acid phosphates, and the proteins The functional 
action of the lunp in eliminating carbomc aad, and that of the 
kidneys m ezcretmg ammonium salts, or posibve ions (Na, K, Ca, 
Mg) and amons (Cl, HCOj, HPO<, HaPO^, etc ) are also of great 
assistance m maintaining this acid base balance 

Hydrogen Ion Coneentralton, pH 

Smce the aad base balance of the blood and the hydrogen ion 
concentration of other solutions are frequently d»cnl^ m terms 
of pH, it IS necessary before proceedmg with the study of the blood 
to refer to page 163 for a general discussion of the significance of 
this term For those interested, the accompanying note gives a 
bnef mathematical explanation 

In solution any aad, HA, will dissociate mto a varying amount 
of ions, 

HA rl + A- 

the concentration of the H'*' ions determimng the strength of 
the acid 

A base BOH will likewise ionize to a varymg degree m solution, 
BOH OH- 

the strength of the 6ase cfependong upon the concentration of tie 
OH- ions 

When water dissociates 

HOH *=iH^+ OH- 

the concentration of the ions is sbght In water, or any aqueous 
solution, the concentrations of these ions are mathematically 
related as follows 
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X OH- = K„ 


The K„ IS a constant and by calculation is 10“*^ at ordinary 
temperature Obviously an increase of the H+ causes a decrease 
m OH“, and vice versa Since a water molecule yields one H'*' and 
one OH“, the concentration for either becomes 10“'^, which means 
that one liter of HjO contains 1/10,000,000 or 1 X 10-^ grams ions 
of H+ One gram ion of H+ then is in every 10,000,000 hters of 
water In blood there are 3 98/100,000,000 or 3 98 X 10~^ gram 
ions of H'*' per Lter To express very small hydrogen ion con 
centrations without the use of decimals, Sorensen mtroduced the 


symbol pH for loganthm — Then in the case of blood, 


pH = lag : 


- 1 '08 _ - . 


the pH value is the negative logarithm of the hydrogen ion con 
centration of the solution, expressed in gram ions for each liter 
It should be pomted out agam that as the pH increases the 
hydrogen ion concentration decreases, and, furthermore, that a 
change of one pH unit means a tenfold change m the hydrogen ion 
concentration Thus pH 1 0 is ten tunes as aad as pH 2 0 or 100 
times as acid as pH 3 0 Neutrahly is pH 7 0 at 20® 



Hydrogen 

Ion Concentration 


pH 

Gram 

ions per Liter 


14 

10 - 1 * 



13 

10->3 

i 


12 

10 >8 


11 

IQ-il 

s 


10 

1 10 '»® 



9 

10 -® 



8 

10 » 



7 

10-r 

Neutral 

6 

I 0 -* 



5 

10 -« 



4 

10 * 
10-3 

g 

>> 

' "O 

2 ! 

10 3 

b 

3 

1 

10-1 

a 


0 

10 ® » 1 
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Proteins as Buffers. 

With the underetandmg that proteins contain basic groups, 
— NH 2 , and acid carboxyl groups, — COOJI, we can understand 
how the blood proteins, including hemoglobin (Hb) and oxyhemo 
globm (HbOa), can act as buffer substances m regulating the acid 
base balance by preventmg changes m hydrogen ion concentration 
when small amounts of acids or bases are added In the case of 
the proteins there are three possible ratios 


HHbOz (free exyhemoglobin) HHb (fte^ er acid hemogl obin ) 
BHbOa (alkali salt of BHb (basic hemoglobin salt) 

oxyhemoglobin) 


H protein (free protein) 

B protein (olkali prolemola) 


The action of protem m neutralizing an acid 13 as follows 
HA + B Protein ^ H Protein + BA 

(itre«<e Ulhalt {fr»*6ree|d (,Qlt] 

e<ld) prol«tn) prele n) 

Whereas the strong aad dissociates to give large numbers of hy- 
drogen ions, the aad protein dissociates but sbghtly to give rela 
tively few hydrogen ions 

SELF-TESTING QUESTIONS 

21 Wbxt are bufferB'^ 

22 Using the carbonate or phosphate bnlTer znixture explain how the blood 

remains normal upon (he addition of acid^ and bases resulting fiom 
metabolic changes 

23 Why can protema act as buffers'^ 

24 What two lands of acting robslancea make up all buffer pai«’ (p 187} 

From the discussion on pages 185 to 187 and herem, it is evident 
that there are five Imes of defense to resist change m the hydrogen 
ion concentration, and of these the buffer effect proper of bicar 
bonate m the blood is relatively unimportant compared with that 
of the hemoglobm 
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IV. BLOOD CHEMISTRY 

Tests for Blood 

Quite frequently occjasions anse when there is a demand for 
knowing whether a stain is blood, and if so whether it is human 
blood Of the chemical tests to detennme the presence of blood, 
the hem in test is very satisfactory The technic mvolves boilmg the 
stain in question with glaciai acetic aad and sodium chloride, cool 
mg and making microscopic examination for crystals of hemm or 
hematm chloride Another test for blood which is very sensitive 
and 13 used for the detection of blood in biological material such as 
urme, feces and gastric jmce is the benzidine test In this test a 
solution of benzidine m glaaal acetic acid is mixed with hydrogen 
peroxide and the material suspected of containmg blood In the 
presence of blood an intense blue color develops Dilutions of 
blood as great as 1 to 500 000 can be identihed by this method 

It IS only withm recent years that a method has been developed 
to make an absolute differentiation of human blood Hus is a 
biological test based upon the fact that the blood serum of any 
animal which was previously injected only with human blood pro 
duces a preapitate only with human blood Such a test is good 
for stains that have dried even for months and will show positive 
results in dilutions as high as 1 to 50,000 

Blood Groups and Transfusion 

For a long tune, it has been known that the blood serum of some 
people will agglutinate (clump) or hemolyze blood cells of other 
people, and that this is the mam cause of severe reactions that 
may follow blood transfusions Investigation has shown that the 
red cells of a given mdividual may contam either one or both of two 
agglutmable substances A and B, and that the serum from a given 
individual may contam either or both of two isoa^lutimns or 
antibodies, anti A and anti B The reactions of diflerent cells and 
sera show the presence of four blood groups, namely O, A, B, and 
AB Thus there are four types of cells as follows 1 Those that 
contain agglutmogen substance A, 2 Those that contam agglutin 
ogen substance B, 3 Those that contam both A and B, and 4 
Those that contam neither agglutmogen substance A or B Cor 
respondingly the serum may contam antibodies or isoagglutmogens 
m four combinations 1 An antibody for A, 2 An antibody for B, 
3 Antibodies for both A and B, and 4 No antibodies for either 
A or B 
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Since, in addition to the noinendatiire by letters, the numberings 
are still m use, their relationship is presented as follows 


Nomenclature 
hy Landtteiner 

Janeky 

JIf OSS 

0 

I 

IV 

A 

II 

II 

B 

III 

III 

AB 

IV 

I 


In blood typing the problem is to find the type of the donor’s 
blood and the type of the recipient's blood After a donor of the 
proper type la obtained for a recipient, a compatabihty test is 
usually earned out in which donor’s and recipient’s blood are mixed 
'The discovery of the blood groups in man has cleared up many 
untoward effects observed pnor to this knowledge 
The table on page 455 shows the types of reactions 
Notice that no agglutination takes place when the blood cells of the 
donor and the serum of the recipient belong to the same group 

The Rh Factor in Blood 

In addition to the four major blood groupings — types A, B, AB 
and O, which make safe transfusions possible, there also are other 
factors or agglutinable substances (antigens) for which ordinarily 
no corresponding isoagglutmins (antibodies) are found m human 
sera It is these antigens whidj, without corresponding antibodies, 
may present medical problems m human transfusions 

Pnor to World War II it was known that the blood of a mother 
could cause the death of her own baby even though both parents 
belonged to the same blood group In 1940 it was discovered that 
the blood of the rhesus monkey mjected into a rabbit produced 
an antibody (agglutinm) m the serum, which clumped not only 
the red cells of the monkey, but also the red cells of about 85 per 
cent of white people notwitfastandmg their major blood group 
This agglutinable substance is called the Rh factor 
Rhetus monkey 

or Rh+ blood (mfeefed mfo) robbtl = antibody formation 
This rabbit serom /'agglutination m 85% {Rh+) 

mixed With human bloods 

\no agglutination in 15% (Rh— ) 
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METHOD OF TESTING BLOOD GROUPS 


Rectoient — 

Serum of Group 

1 

Donor — Red Blood 

Ceils of Group 

Remarks 

pertaining to the vertical 
columns 0, A, B, AB 

Inter- 

national 

Jan- 

sky 

' Mass 


A 

1 

B 

1 

AB 

0 

I 

IV 

o 

© 

© 

© 

Celia of Group O not 
agglutinated by any 
sera Contain no ag- 
glutinable substances 
t7nt£«rsal Donors (45 
per cent of adults) 

A 

II 

II 

o_ 

o 

o! 

© 

Cells of Group A ag- 
glutinated by sera of 
Groups 0 and B (40 
per cent of adults) 

B 

III 

III 

o 

© 

o 


Cells of Group B ag- 
glutinated by sera of 
Groups 0 and A (ten 
per cent of adults) 

AB 

IV 

I 

o 

o 

o, 

0 | 

Cells of Group A6 ag- 
glutinated by sera of 
Groups 0, A, B 
Serum of Group AB 
contains no tsoagglu- 
tinins Universal re- 
cipient (5 per cent of 
adults) 


When recipient is group O, select donor from group O 

“ “ *• “ A, *' “ “ “ 0 or A 

“ “ " •* B. “ “ '• “ O or B 

AB, “ « “ " O, A, B, AB 

If possible use donors of the same group and not universal donors 

Why IS group O called the universal donor, and group AB a universal recipient’ 

The 85 per cent are termed Rh p<»itive (Rh+), and the remain- 
ing 15 per cent are Rh— (Fig 4). 

And here is where the trouble starts 

When Rh -1-blood gets into the blood stream of an Rh— person 
the tissues combat Rh-f- by makmg anbbodi^ (agglutinins) which 







Fig 3 — Teslmg for Rh Th« imall viol (toll) contomt enough >erum lo moke 
hundreds of tests to find out whether blood Is Rh positive After the blood to be 
tested has been diluted with tell solution^ It is put In the tube with the ontl Rh 
serum (right) Courtesy S^renee ServKe 



Fig 4 — Final Blood Exominotion After incubation ond centrifuging, the blood 
Is examined under a microscope if the celts hove clumped together (left), then 
the blood is pos live Rh blood If the cells show distribution oiler the blood is put 
in the tube with the anti Rh servm^ then the blood is Rh negative (right) CovrfeQO 
Science Service 

m repeated tranafusions destroy Rh+ red cells, and the patient 
become violently ill and may die, pmnanly as a result of kidney 
damage by the destroyed red blood cells (Fig 4) 

In pregnancy when the mother is Rh— and her baby Rh+ (m* 
hented from Rh+ father), blood from the unborn travels into the 
mother’s blood stream to produce antibodies, some of which return 
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to the child and destroy blood cells Miscamage, stillborn, death 
soon after birth, erythroblastosis (a hemolytic disease), and m 
some instances feeblemindedness may occur No harm results how 
ever, if an Rh — mother has an Rh — duld In modem hospitals 
stocks of Rh — blood from profe^ional blood donors are kept ready 
to administer to a newborn baby The plasma is always safe smce 
it contains no red cells and hence no Rh factors 
From this brief discussion it is evident that blood should be 
typed for Rh factor as well as for the major blood group types It 
isimportant to avoid giving an Rh— recipient Rh-f blood and is also 
important m antiapatmg problen^ arising from an Rh — mother 
havmg an Rh+ baby 


Collection and Preservotion of Blood 

In a physiological sense the blood must reflect the condition of 
every tissue and any disease or change mvolvmg the fixed tissues 
of the body Studies have shown that in some instances these 
changes are so characteristic of certain diseases that they may be 
regarded as constant signs and often the most important part of 
the clinical picture, and diagnosis is impossible without a knowl 
edge of them Knowledge of these blood changes, therefore, is 
necessary for diagnosis, prognosis, and treatment of many of the 
mtemal diseases encountered by practicmg physicians In some, 
the blood changes alone are sufficiently characteristic to establish 
the diagnosis, but more often they are only suggestive, and must 
be interpreted m the hght of all additional clinical evidence that 
may be obtamed 

Compared to a few years ago, when blood tests were quite diffi 
cult, we now find that some blood tests are simple, rapid and ac 
curate enough to be earned out m the physician’s office 
In hospital work, chemical blood analyses are now made so fre- 
quently and m such large numbers that the nurse must know how 
to take and preserve blood specimens 

If possible, the blood should be collected m the morning, before 
any food or hquid has been taken The blood is more uniform at 
this time and permits an analysis to be made on the same day in- 
stead of standing over night and undergomg some changes 

If the blood is immediately refrigerated, it may be kept for a few 
hours but the sooner the test is made the more satisfactory are the 
results The nurse may be asked to assume responsibility for im 
mediate dehvery of the sample to the laboratory 
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The amoiint of blood required for chemical etudiea may vary 
from a fraction of a milliliter winch can be collected from a finger 
tip or ear lobe to 10 to 20 ml of blood which is collected from a vein 
If a glass 83 nnge la used the blood should immediately be dis 
charged into a one ounce bottle which contains two drops of a 20 
per cent solution of potassium oxalate, this latter substance acting 
as an anticoagulant The contents of the bottle should be mixed 
(not shaken) with a rotary motion to allow mixing with the oxalate 
solution 



Fig 5— CO2 Combnlng Power of Blood Carbon dioxide l> corned from the 
I isues and to the fungi ch eSy In comb not on w'fh fixed boiei wh ch ore Im 
portont buffer subitancei In the blood When the olkol reserve !< d mlnlthed 
the corbon d oxide carrying copocity of blood ii correspond ngly decreased 
The p cture below ihowi the von Slyke method of determining the carbon d oxide 
combining power of blood When the olkoti reserve Is decreased beyond a 
certain point whot cond f on may be lofd |o be present? Coorfesy Park* Day i 
i Co 
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When the blood is to be employed for add base balance studies 
i. e., pH and CO 2 determination) (Fig. 5) it should be drawn with 
minimfll stasis. This may be done with or without the use of a 
toximiquet. However, when the needle has entered the vein, and 
a tourniquet has been used, it should be released and a minute’s 
time should elapse before blood is drawn. Furthermore, the blood 
must be drawn and preserved under mineral oil, which protects the 
specimen from the COa of the atmosphere. When extreme accuracy 
is not of vital importance, CO 2 determinations may be made on 
blood which was not protected by a layer of mineral oil, if the 
analysis is promptly carried out. 

Blood Analysis as an Aid in Diognosis and Prognosis; 

In addition to the importance of being able to take and preserve 
blood specimens, a nurse should be able to interpret the figures 
resulting from laboratory tests. For instance, N. P. N. 50 should 
have a meaning and give some indication of a patient’s condition. 
With that in mind the table on page 4B0 is inserted to show the 
range of changes usually encountered in several common metabolic 
disorders. 

Notice the numbers indicating the normal and the pathological 
change, and also the significance attached to abnormal amoxmts of 
the different blood constituents. 

Of particular interest and importance in the table are the read- 
ings in nephritis. Normally the kidney eliminates the nonprotein 
nitrogen (N. P. N.) waste products (urea, uric acid, and creatinine), 
and is impenetrable to colloidal materials (proteins); but when 
damaged the permeabih’ty changes, and the extent of the retention 
of the waste products is often an index of the severity and progress 
of the disease. Such readings are a helpfid guide to the physician. 

Another disease of not uncommon occurrence is diabetes, be- 
lieved to be occasioned by damage to pancreatic cells, which fail 
to secrete suffirienf msufih tor proper metaboXi^ of sugar. Notice 
the low and high readings for sugar (40 to 1300) and the low and 
high readings for carbon dioxide capacity (5 to 130) , the low reading 
indicating a reduction of base forming materials (the alkaline re- 
serve of the blood) that is always associated with acidosis (acetone, 
acetoacetic and beta hydroxy butyric adds). When the adds use 
up the alkaline reserve (alkali available to combine with CO 2 and 
other adds) the blood cannot combine with as much carbon dioxide 
as formerly. Consequently, the determination of the amoxmt of 
carbon dioxide that can comlnne with the blood shows bow much 
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ClINICAtlY SfGNIFJCANT BLOOD CONSTITUENTS* 


Blood Constituents 
Tested for per 

ZOO ml of Blood 

1 

Normal 
Range 
{Units per 

1 100 mJ of 1 
Blood or 
Serum) 

Begin 
ning 
Patho 1 
hgic 
Rangei 

PatAo 

logic 

Range 

Signi/iconce 

Hemoglobm 

14-17 Gm 

-12 

3-23 

Low in anemia 

High in polycythemia 

Total plasma protein 

b y-a u Gm 

-6 0 

30-60 

Low m nephrosis, low 
in protein deficiency 

Plasma albumin 

d b— n b Gm 

-3 6 

10-36 

Low m nephrosis, low 
in protein deficiency 

Plasma globulm 

Nonprotein nilro 

1 3-3 2 Gm 

-13 1 

0 4-13 

Low m nephrosis, low 
in protein deficiency 

geo (N P N ) 

25-35 Tog 

+35 

20-400 

High a nephritis 

Urea nitrogen 

1 12-15 mg 

+20 

5-350 

High m nephritis 

Creatuuae 

1 1-2 mg 

+35 

to 34 

High m nephritis 

Unc acid 

1-3 6 mg 

+4 

to 27 

High in nephritis, gout 

Blood sugar 

' 70-120 mg 

•fl50 

40-1300 

High in diabetes 

COa capacity 

. 50-70% 

' by volume 

-45 

6-130 

Low m nephritis, aci 
dosis higbinalh^oais 

Cholesterol 

Serum calcium as 

140-170 mg 

-130 

+170 

60-1000 

High in nephritis low 
ID anemia 

calcium 

Serum inorganic, 
phosphorus as 
phosphorus , 

Adult 

Children i 

Chlorides as NaCl ^ 

9 11 mg 

2 5-4 mg 
4-0 tag 

-8 

-4 

3-20 

2-4 

Low in tetany, stages 

1 of nephritis high id 
hyperparathyroidism 
Low in nchets High 
m stages of nephritis 

High in nephritis with 

Plasma 

570-020 mg 

-500 

300-850 

edema, nephritis, 

Whole blood 

Icterus index (terms 
of 1 10 000 potas 

450-520 mg 

-450 

120-700 

eclampsia, low m 
pneumonia 

High in hemolytic are- 

Slum dichromate) 

4-6 

, +10 

10-225 

nua, hepatic jaundice, 
and obstructive jaun 
dice Indicates hver 
disturbances 


• Myew VC J- X Af A vol 91 

tBelow i* indicated by * (— ) fi»n mm •»»»» by a (+) myn. 
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of the alkaline reserve has be«i used up in neutralizing these aads 
and it will represent the extent of acidosis 

Normally, the blood contains about 0 1 per cent (70 to 120 mg 
per 100 ml ) of blood sugar, which may mcrease to about 0 2 per 
cent before the kidneys become permeable and allow it to pass mto 
the urme In diabetes the concentration runs even higher The 
blood sugar t^t is valuable not only m diagnosmg diabetes and m 
treatmg the disease after glucose or msulm mjections but also m 
determmmg the blood sugar tolerance m endocrine (thyroid and 
pituitary gland) disturbances 

Finally, one more disease will have to be mentioned among those 
m which blood analysis aids diagnc^is, a disease called anemia, m 
which the hemoglobm is considerably lower than normal content 
of 14 to 17 Gm of hemoglobm per 1<X) ml of blood This may be 
the result of a reduced number of red cells or a reduced amount of 
hemoglobin in the cells which may result from hemorrhage or in 
fectious diseases such as diphtheria and syphilis With a low 
hemoglobm content, the oxygen carrymg capacity of the cells is so 
small that partial tissue asphyxia may result Diets for anemia 
patients must be nutritious and contain sufficient iron and protein 
for the production of hemoglobin Recent experiments indicate that 
copper m foods in some way — probably as a catalyst — stimulates 
the utilization of iron in the formation of hemoglobin 

From the precedmg brief discussion, it is evident that blood 
analysis gives first hand information concenung many diseases, 
and m many cases more definite information than urinalysis In 
the case of diabetes in particular, a blood sugar analysis may mdi 
cate the pr^ence of the disease long before such an indication could 
be found by analysis for sugar m the urine 

As a remaimng statement, blood analysis has also given helpful 
information m diagnosis and prognosis of such diseases as gout, 
nephrosis, mercury poisonmg, urologic conditions, eclampsia m 
testinal obstruction alkalosis, certain malignant conditions tetany 
and rickets 

SELF-TESTING QUESTIONS 

25 What IS a test for blood’ 

26 How can human blood be diGTerentiated from other bloods’ 

27 What IS the basis of blood grouping? 

28 Wbat IS meant by the Rb factor? 

29 Abnormal amounts of what substances in the blood mdicate kidney 

disturbances? 

30 What doea a high N P N mdicata’ 
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31 In diabetes what blood eonatitaenta would have a high or low reading? 

32 Why IB the blood sugar teat important? 

33 What kind of blood determination is used m anemia? 

V. PLASMA 

Function of Plasma 

The plasma, a faint yellowish liqu^, makes up shghtly over one 
half of the volume of whole blood, and contains sohd matter dis 
solved or in colloidal condibon It is this colloidal nature of plasma 
which makes it viscous and somewhat translucent The approxi 
mate composition of plasma is shown in the table below 

Plasma usually is regarded merely as a vehicle for transportation 
of erythrocytes Obviously, its true sigmficance is not always recog 
mzed What the erythrocyte is to gaseous (O 2 , CO 2 ) metabolism, 
the plasma is to mtrogen, mineral, and water metabohsm The 
plasma supphes the fuel, and Uie eiythrocytes supply the oxygen 
needed for internal combustion In a sense, the plasma itself con 
stitutes a hquid fuel It distributes food glucose, amino aads and 
hpids it IS the medium for chemical reactions, it transports en 
zymes, hormones and specific products of cells to their allotted 




81% 



Flasma 

1 Water 


r Proteins (serum albumin serum 


(ap gr 1 025) 

1 


globubn and fibrinogen) 

7 0% 


[Solid 

9% 

! Salta (inorganic) 

Fat sugar and other organic 

10% 




[ substances 

10% 


seat of action, it removes and conducts waste products to the organs 
of excretion, it carries the matenals necessary for repair, it auto 
matically and immediately seals ruptured walla of the blood ves 
sels, and it regulates heat Tlie plasma, therefore is a marvelous 
internal medium which m health is continuously replenished and 
purified, and yet is maintained at a remarkably constant volume 
and composition 

Function of the Plasma Proteins 

Of the sohd matter in the plasma, the larger part is protem, 
namely, serum albumin, serum globulin, and fibrmogen Together 
with the hpids (fat like substances), th^e proteins form the 
structure of the plasma 

The fact that blood contains a great amount of water (78 per 
cent) and therefore la more fluid than other tissues is due primarily 
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to the characteristic property of the colloids (proteins) in absorbing 
and holding the water m the form of gel As has been mentioned 
(p 186) and is more fully discussed on page 452, the proteins, as 
well as certain salts, act as buffers in regulatmg the normal reaction 
of the blood 

As an additional function, the plasma proteins assist m the 
elimination of waste products m the cells 'ITiere are other func- 
tions of the plasma proteins, the most important of which is to 
mamtam normal osmotic presure between the blood and tissues 
In the state of shock, when plasma proteins leave the vascular bed, 
the blood is left m a concentrated condition Administration of 
albiimm or blood plasma is valuable m rehevmg this condition 
Furthermore, we must not forget the special function of soluble 
fibrmogen m changmg into insoluble fibnn to form the blood 
clot (p 447) 

Other Plasma Constituents* 

The small amount of morgamc salts present m the plasma are 
mostly sodium chloride and bicarbonate In stiU smaller amounts 
are found potassium, calaum, and magnesium salts Reference 
(p 188) has already been made to their chief physiological uses, 
their special properties, and their importance m health and hfe 

The fats and hpids, lecithin and cholesterol are studied under 
the various functions of the blood 

SElF-TESTtNG QUESTIONS 

34 What 13 the mam fimction performed by the plasma*^ 

35 Wbat other functiozie are attributed to the plasma? 

36 What 13 the role of the plasma proteins*' 

37 The plasma proteins give what properties to tbs blood*' 

VL FUNCTIONS OP THE BLOOD 
Transporfalion of Nulrienis and Oxygen*. 

As stated, one imi>ortant function of blood is to transport nutn 
ents m solution from the mtestmes and storage dei>ots, and oxygen 
m combination with the hemoglobm of the red cells from the lungs 
to the tissues As a result of the digestion of general foodstuffs 
containmg carbohydrates, fats, and proteins, we find glucose, 
resynthesized iats, ammo acids, morgamc salts, vitamins, and 
water m the blood These materials, along with the oxygen from 
the lungs, are earned by the blood to the cells where they may be 
used either as fuel for the conversion of chemical energy to me 
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chanical or heat energy, or to build tissue Although during 
absorption of these nutrients, the concentration is greater, still 
it does not increase very much, because of rapid use or storage by 
the tissues This is especially true m the case of high protein 
consumption, for very httle accumulation of ammo acids occurs 
in the blood The ingestion of large quantities of sweets may run 
the sugar content of the blood from 0 09 to 02 per cent but 
utihzation by the tissues and the conversion mto glycogen by the 
hver and muscles soon reduces it to normal In case glucose does 
accumulate m the blood at a faster rate than it can be used or 
stored by the tissues the threshold point of the kidneys la reached 
and sugar will be excreted mlo the unne — a nonpathological con 
dition referred to as alimentary glycosuria The quantity of fats 
and fatty acids m the blood may increase for a short time following 
fat ingestion to an even greater extent than glucose, occasionally 
impartmg a milky appearance to the blood 

The water and morgamc aalta are absorbed rapidly firom the 
mtestmes, but excessive dilution of the blood and an aboorzoal 
change m the osmotic pressure is prevented by eUmmation of wafer 
and salts through the bdneys 

In certam disused states it may be desirable to supply nutrients 
directly to the blood by intravenous administration It is also 
desirable m some conditions to supply needed salts or electrolytes 
The table on the foUowmg page shows some of the more commonly 
used mtravenous solutions 

Transportation of Waste Products 

The second important function of the blood is to transport 
waste products of metabolism from the tissue cells to the organs 
of exaretion (kidneys, lungs, mtestmes, skin and hver which ehmi 
nates waste products in the bile) The following table shows the 
important waste products handled by the excretory organs 


EXCRETORY ORGANS AND THEIR WASTE PRODUCTS 


Kidneys ^ 

Lungs ^ 

Intestines ^ 

Skin ' 

Luer 

Water i 

Water | 

Water 

Water 

Water 

Salts 


Salts 

Salts 

Salta 

N Compounda 


N Compounds 


N Compounds 

Pigments etc 

Carbon 

dioxide 

Figments etc 
Food residues 


Pigments etc 
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REPRESENTATIVE SOLUTIONS FOR PARENTERAL USE 


Preparation 

Vefcicfe 

Also Known As 

Sahne (NaCl) 0 9% 

Distilled Water 

Physiological Saline 
Normal ” 

Isotomc ” 

Ringer’s 

0 86% NaCl 

0 03%KC1 

0033% CaCla 

Distilled Water 


Invert Sugar 10% 

Distilled Water 

' Travert®* 

Dextrose 6 % to 20% 

Distilled Water 

Glucose 5% to 20% 

Ammo Actds, Peptides and ^ 
Polypeptides 1 

5 % Dextrose, distilled 
water or sahne 


Darrow’s Solution 

0 27% KCl ' 

0 80% NaCl 1 

0 60% Na lactate , 

Distilled Water 


Potassium Chlonde 0 3% \ 


1 

Lactate Ringer’s 

0 60% NaCl 

0 03% KCl 

0 02% CaCl, 

0 31 % Na lactate 

Distilled Water 

Hartmann’s 

Alcohol 5% 

0 9% Saline 

5 0% Dextrose 



Whole blood and plasma are also commonly used, as well as the commercially 
obtainable plasma, — albumm and globuhn ‘Smeans registered name 


The inorganic salts include the bicarbonates, chlorides, phos- 
phates, and sulfates The nitrogenous substances usually referred 
to as the nonprotein nitrogen (N. P N ) are creatinine, urea, luic 
add, and ammonium com270unds 

Smce all absorbed foods (glucose, fats, ammo adds) contain 
carbon, hydrogen and oxygen, the two main products of oxidation 
are carbon dioxide and water. In the case of amino adds we have 






466 


B/ochemijfry 


certain nitrogenous substances (mostly urea) also formed, while if 
sulfur and phosphorus are present they are ondized to the corre- 
sponding sulfatM and phosphates The chlorides undergo no 
diange The carbon dioxide as baa previously been stated umtes 
with water, with the alkab or proteins present, or dissolves m the 
blood, and is earned to the organs of excretion 

Transportation of Hormones. 

A third important function of the blood is to transport for dis 
tnbution and utilization secretions, or hormones, of certain glands 
(endoenne) These glands are often referred to as the ductless 
glands since their secretion is {Kiured directly mto the blood Hor- 
mones stimulate certam tissues, and m this way harmonize the 
activities of organa located in different parts of the body 

For instance, the blood carries from tlie ovarian gland a secretion 
which affects the development of sex characteristics of various parts 
of the body In a few instances, however, glands may have both an 
external secretion and an internal secretion An example of such a 
case IS the pancreas m which the pancreatic jmee is the external 
secretion and insulin is the mtemal secretion, insulm being the 
hormone which has an important role m carbohydrate metabolism 
Although the amount of secretion is very small, its mduence on 
metabolism is very great 

Diffusion of Heal. 

This IS a fourth function of the blood In oxidation of foods and 
of devitalized tissue, or as a result of other metabohe changes m the 
body, energy is hberated During rapid oxidation of glycogen or 
fat m the more active tissues, such as muscles, the blood qmcldy 
moderates this localized higher temperature by distnbutmg the 
heat through the circulating blood to the surface of the body where 
it 13 lost by conduction and radiation Then the blood vessels are 
dilated, and the skin becomes flushed Water can store more heat 
than the same volume of any otb^ substance and as a consequence 
the water of the blood absorbs beat, and upon evaporation from 
the sweat glands and mucous surfaces, assists m regulating body 
temperature Exposure to cold causes a contraction of the blood 
vessels and diminishes the cooling area of the surface blood vessels 
with the consequence that relatively bttle blood reaches the surface 
of the body to lose heat At such tunes, the skm may appear pale 
and numbness may even result 
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Defensive Action of the Blood 

A fifth important function of the blood is to aid m defendmg the 
body against invadmg disease organisms, a function performed by 
the white cells and the antibodies. This function has already been 
discussed (p 446) 

Other Blood Constituents 

There are many remaimng substances m the blood, but space 
does not iiermit a discussion of them There are, however, two 
hpids, lecithin and cholesterol, that deserve mention These are 
primary cell constituents that supposedly have some relation to 
the transportation of fat to the tissues, and the mtermediary 
metabolism of fats Their determination is of diagnostic value m 
certain pathological conditions (diabetes, nephritis, anemia, etc ) 
The blood also contains certam enzymes such as amylase and 
phosphatase The measurement of blood amylase concentration is 
quite useful m the diagnosis of acute pancreatitis since m this con* 
dition it IS markedly elevated Phosphatase concentration is m 
creased m certam bone disorders There are also present antien 
zymes, which can inhibit enzyme action, and antibodies which can 
combine with and counteract the effect of toxins elaborated by 
bacteria 

Tissue Oxidation 

This IS a fascmatmg but rather difficult field of biochemical 
study Recent experiments m vivo and m vitro have thrown much 
hght on the subject but it is rapidly changmg A few general 
statements must suffice m this course 

The ondase enzymes present in tissues bring about certain typ^ 
of oxidation m the presence of certain orgamc mtermediates There 
is another mechamsm which is known as ''dehydrogenation" or 
loss of hydrogen, which really amounts to oxidation of the sub 
stance which loses the hydrogen An mterestmg example of this 
type of reaction is that of glutathione. It has been synthesized and 
concrete facts about its action are now well known It is an excellent 
example of an orgamc "hydrogen acceptor," that is, it accepts hy 
drogen firom the substance bemg oxidized and thus becomes re- 
duced itself It later becomes oxidized again, and functions over 
and over agam as a "hydrogen acceptor,” thus favonng tissue 
oxidations 
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SELF-TESTING QUESTIONS 

38 What are the most important nutneots carriet) by the blood? 

39 What nutnenta are present m mcieaaed amounts m the blood following 

tbs jogestloD of large Quantities of food? 

40 What 13 meant by alimentary glycoauna? 

41 What are two mam waste products of metabolism? 

42 What happens to most of the mtrogeooua foods? 

43 What salts are most likely to occur in the excreta? 

44 What IS a hormone? 

45 Ezplam bow the blood helps to equalize body temperature 

46 How does the blood defend the body against disease? 

47 What IS one function of lecithin? of cholesterol? 

48 How does oxidase assist m tissue oxidation? 

VII EXTRACELLULAR WATER AND LYMPH 
Funclions of Lymph 

Since the blood m ifa circuiation to alJ tissues of the body la m a 
closed system of blood vessels, a more intimate communication 
with the mdmdual ceUs is brought about by another bqxud, namely 
the extracellular body water, a colorless watery fluid surrounding 
each cell It is denv^ from the blood and the tissues by a passive 
ultrafiltration process, and so closely resembles blood plasma that 
it IS often thought of as '‘blood without the red corpuscles or pro 
tern ” It 18 vxa the extracellular water that the cells obtain their 
food and discharge their waste xnatenal The extracellular body 
water therefore may be considered as the ‘ nuddle man” or “go 
between” for blood and tissues Not only is it the means by which 
food materials of the blood diffuse mto the cells of all tissues, but 
it IS also the medium through which the products of chemical 
activity m each cell gam access to the blood There is a contmuous 
exchange of materials gomg on between the cells and the blood 
plasma via the extracellular water Its composition closely re- 
sembles that of the plasma, and whenever fluctuations m the con 
centrations of the constituents take place, the difl'usible substances 
pass with ease and rapidity between the blood and the tissue 
cells under normal conditions 

Lymph and extracellular water have an almost identical com 
position When extracellular water enters the small blind ended 
vessels known as the lymphatics it is then usually called lymph 
These vessels are distributed among practically all of the body 
cells They unite to form larger vessels which eventually pour 
their contents mto the blood stream chiefly through the thoracic 
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duct This IS one of the large lymph vessels It is the general trunk 
of the whole lymphatic system, draining the smaller lymphatics 
from the legs, abdominal organs and left side of the body It is 
about 20 mches long and empties into a large vem of the neck on 
the left side, at the junction of the subclavian and mtemal jugular 
veins Under normal conditions there is a contmuous movement 
of water from the capillary blood vessels to the extracellular spaces 
and in turn into the lymphatics It is in this way that most of the 
lymph IS returned to the blood agam The advantage of the po- 
sition of the extracellular water between body cells and blood is 
that it makes the exchange of materials between blood and body 
cells easier In addition, the lymph, m its circulation through the 
body, filters through lymph nodes or glands, and m this way it can 
collect, remove, and destroy mudi foreign matenal such as infect- 
ing bacteria, which may have entered the tissues This destruction 
of bacteria often prevents the spread of infection to different parts 
of the body 


VIII. ANTIBIOTICS AND SULFA DRUGS 

The antdiottcs are organic substances of complex character 
which are usually produced by microorganisms and are used to 
combat certam pathogemc bacteria In this category of anti 
bactenals pemcilhn, streptomyan, Aureomycm and Chloromycetm 
are outstandmg 

PemoUm, of which there are several types, has been more 
thoroughly studied than others, it is produced by the fungus or 
mold called Penicillin notatum which is grown commeraally on a 
large scale in a liquid culture medium Penicillin G is quite effective, 
and m the form of the calaum or sodium salt it is given by mtra 
venous or intramuscular mjection, or by surface application in the 
treatment of numerous infections 

Streptomycm, a product of a soil microorganism, is produced 
today in considerable quantity from cultures As an antibiotic 
streptomycm is effective against certam pathogemc microorganisms 
which are impervious to pemciUin, and it is used m treatmg such 
infections as tuberculosis, tularemia, typhoid fever and woimd 
infections 

Chloromycetin is of interest inasmuch as it is the first antibiotic 
to be successfully synthesized artificially Like streptomycm, this 
antibiotic is produced m nature by a soil microorganism Chloro 
mycetm has proven effective in treatment of virus pneumonia 
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The study of antibiotics is today one of the very active fields of 
biochemical research, and it is quite probable that other useful 
substances of a similar nature will be found 
The sulfonamide or ‘‘sulfa’* drugs are synthetic chemicals which 
have proven valuable in treating varioiM bacterial infections The 
sulfonamides are denvatives of sulfenOamide, (p 321) and all have 
m common the foUowmg unit of structure 
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Of the many compounds of this type that have been synthesized, 
four are sufficiently important to warrant mention 

Sulfanilamide results when a hydrogen atom is attached to the 
free bond of the above structure Sulfapyridine, sulfathiazole and 
sulfadiazme are formed by attaching a pyndme, thiazole or diazine 
nucleus respectively to the free bond of the structure pictured The 
denvatives of sulfanJamide are less tosc and more effective than 
sulfanilamide itself These drugs have value in treahng pneumoma, 
infections of the blood stream, streptococci infections, etc In 
some mdividuals senous reactions develop from the use of sulfa 
drugs, hence they should never be employed without the direction 
of a physiaan 

SEIF-TESUNG QUESTIONS 

49 How does ejtraceUulsr water differ {rom bltTod? 

50 What 13 the mam function of the lymph'* 

51 What are the advantages of baviog a separate lymphatic system 

between the cells and the closed system of blood vessels? 


SUGGESTED ACTIVITIES 

I Thouoht Provoking Questions 

1 Why Js there a need for a drculalory system? 

2 How does the blood in the nght auncle (atnum) differ from that 
In the pulmonary vein* 

3 Compare and contrast m tabular form the erythrocytes the 

leukocytes and the platelets with regard to their structure 
function, and site of formation 




The Chemisfry of 6/ood and Lymph 


471 


4 What dietary precautions should be observed in nephritis in 

diabetes and in anemia'^ 

5 Why could the body not exist without lymph’ 

6 During colds and other infections the lymph nodes frequently 

swell Why is this’ 

7 Under what circumstances might it be desirable to know whether 

a given sample of blood is human blood? 

8 Does the formation of pus in a wound always indicate an infection? 

9 Under what varying conditions are blood transfusions necessary’ 

10 Is it ever desirable to let blood out of the body as the early surgeons 

used to do either by bleeding the patient or by usmg leeches’ 

11 Why 13 hemophiha a dangerous disease’ What treatment is used? 

II Projects 

1 Bead some additional znatenal on the chemical analysis of blood 

Study the hospital charts of patients With diabetes and nephritis 
with special regard to the blood chemical studies 

2 Make a list of the various fluids in the body and show in tabular 

form the composition and chief functions of each 

III VoCABtrLARTTESTTKOOFNEWT^RMS 

plethora anemia fibnn hormone 

plasma leukemia ayneresis antienzyme 

erythrocytes prothrombin bemophiha antibody 

leukocytes thromboplastin thrombi lymph 

platelets hepano jsoagglutmins serum 

dehydrogenation hydrogen acceptor glycosuria thrombin 

polycythemia fibrinogen 

IV Topics for Orai. or Written Reports 

1 Anticoagulants for Blood 

2 Hemophilia 

3 Biological Significance of Heme 

4 Blood Banks and How They Are Maintained 

5 Theories about Blood Clotting 

LABORATORY CHEMISTRY 

Laboratory exercises for this chapter wiU be found on pages 741 744 
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CHAPTER 
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(b) Excreban, products and 

patfannys 

(c) How the ^dneys form urine 
Exauinattok or Usike 
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odor, specific gravity, 
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HI CouposmOM 07 Ubinb 
< a) Organic consbtuenfa 

(b) Inorganic salts 

(c) Abnormal consbtuents 

(d) Urmary calculi 


I. EXCRETION 

Analomlcal and Physiological Correlolion: 

It is assumed, that before coming to class, the students have 
reviewed the anatomy and functions of the kidneys, as it is not 
convenient to do so, except in a very general way, in this discussion. 
Indeed, the mastery of biochem&try will he greatly aided if a con- 
stant attempt is made to correlate other allied subjects with the 
chemical principles presented in this course. Frequent reference 
to illustrations in other texts will help one to understand difficult 
problems presented in the study of chemistry. The very background 
of biochemistry is the study of those chemical changes in organs 
(anatomy) and tissues (histology) which take place during active 
function in health (physiology) or in disease (pathology). There- 
fore, it is best to try to view the facts of biochemistry in relation 
to structure and fiinction, rather than as an isolated subject. 

Excretion; Products and Pathways: 

When food is ingested it undergoes a series of hydrolysis reactions 
and is eventually broken down to simple compounds that include 
monosaccharides, amino acids, fatty adds, and glycerol. These 
substances along with minerals and water are absorbed from the 
intestine into the blood stream and are thus made available for 
use by all body cells. In general, the cells carry out two types of 
reactions with these substances; they may be oxidized and broken 
down to carbon dioxide, water, and simple nitrogen compounds or 
they may be synthesized into complex substances. The first of the 
reactions is responsible for the conversion of chemical energy to 
beat energy and mechanical energy, whereas by ssmthesis new body 
473 
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tissue is formed along with spedfic products which include hor- 
mones, enzymes, and a variety of other substances. 

As a result of the chemical metabolic reactions, waste products 
are produced which must be excreted. These include water, carbon 
dioxide, urea, and other simple nitrogen compounds. In addition 
to these major waste products the body also has numerous other 
substances to be excreted which include: ingested water, sub- 
stances absorbed from the food for which the body has no use, 
products arising from detoxification reactions, excess minerals, etc. 

'Ihe pathways of excretion are the kidneys, the lungs, and to a 
lesser degree, the gastrointestinal tract, the liver and the skin. 
Most of the carbon dioxide excretion and a considerable portion 
of water excretion is carried out by the lungs whereas excretion of 
nitrogenous waste product is almost totally dependent on the 
kidney. We shall now consider the mechanism by which the 
kidney functions. 

How the Kidneys Form Urine: 

The process by which the kidneys secrete urine is quite complex. 
Figure 1 is a diagram of the nephron which is the microscopic 
functional unit in the kidney. Each kidney contains approximately 
one million of these structures. The afferent vessel brings blood 
into the glomerulus which is a capillary network whose walls are 
semipermeable. These walls act as filters through which some of 
the water and crystalloidal components of the plasma pass into 
Bowman’s capsule. Proteins, other colloids, and blood cells cannot 
pass through this filter and along with most of the plasma are 
carried out of the glomerulus by the efferent vessel. The process 
of filtration in the glomerulus is believed to be purely mechanical 
and is infiuenced by both blood pressure and osmotic pressure 


hfl 1 — A Filtration Plant Diagram show- 
ing unne secretion. What is removed from 
Hie blood by the glomeruli? Courtesy, Hawk 
and Sergeim, "Physro/ogieo/ Chemistry," S 
Bfakisfon's Sons Co 
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The amount of glomerular filtrate formed each day is approximately 
100 liters or about 100 times as great as the volume of finally 
excreted urme This filtrate then passes through the unniferous 
tubules which are long tortuous microscopic tubes Imed with 
epithelial cells In the tubule active reabsorption of water, glucose, 
ammo acids, and salts occurs with little or no reabsorption of waste 
products Those substances that are reabsorbed are spoken of as 
threshold substances whereas those that are not reabsorbed are 
called non threshold substances This results m a very great 
concentration of the ongmal dilute glomerular filtrate The tubule 
cells also act in an excretory capacity and actually transfer certam 
material from the blood stream to the urme m the tubule From 
the tubule the urme passes mto larger collectmg vessels and even 
tuaUy leaves the kidney by the ureter and is stored m the bladder 
In retrospect we see that there are three more or less mdependent 
phases to urme formation (1) glomerular filtration, (2) tubular 
reabsorption of water and useful constituents and (3) tubular 
excretion of additional waste products 
It IS both interestmg and instructive to note at this time that 
while the amounts of uric acid, urea, ammonia, creatmine, phos 
phate and sultate are many times (25 to 100) as abundant m the 
urme as m the blood, the amount of chlonde, sodium, calcium 
and magnesium remains roughly about the same, while in the case 
of glucose there is only a trace (about 0 05 per cent) m the urme 
and practically all of the sugar is reabsorbed 

SELF-TESTING QUESTIONS 

1 What are five paths of excretion^ 

2 Explain the process by which the ludneys secrete urme 

3 What substances are more abundant in the urme than m the blood^ 

4 What compound is largely recovered after filtration through the 

glomeruli'' 

W. EXAMINATION OF URtNE 
Importance of Urinalysis 

Smce the urme is the chief pathway for the elimination of waste 
products it IS qmte evident that the urme affords the physician or 
the nurse an mterestmg and helpful means of determinmg (1) 
whether normal metabolic change are taking place, (2) whether 
abnormal waste products are bemg eliminated, and possibly some 
idea as to what may be the cause of these pathological changes, and 
(3) whether the kidneys are fvmctionmg close to optimum effiaency 
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Collection of Urine for Analysis 

Emphasis shouid be placed upon the importance of collecting 
the entire 24 hour output, because metabolic changes taking place 
in the body at various times of the day produce different concen 
trations of the constituents in imne However, the first specimen 
IS better for routine analysis The quantity of water and food con 
sumed, and the amount of work done, in addition to many other 
factors (posture, stimulation, temperature, time of day, etc ) may 
cause wide variations m the composition of unne Except m 
specific cases, random samplmg is less valuable and may be quite 
misleadmg in certain cases As a consequence the usual hospital 
procedure is to discard the early morning (SAM) specimen of 
urme and collect all the unne passed during the next 24 hours 
This quantity mcludes that passed the following mormng at 8 A M 
To minimize or inhibit bactenaj action, the unne is perhaps most 
satistactonly preserved with toluene and kept under refrigeration 
In case refrigeration is unpi^ible, a thin layer of toluene over the 
surtace of the urme is a quite satisfactory preservative that does 
not interfere with unmry tests After measuring the total volume, 
a SIX ounce sample should be saved for analysis 

Physical Examination of Urine* 

The volume of unne secreted during a 24 hour period may vary 
considerably because of the influence of many factors, particularly 
the water intake The average adult (except when excessive fluid 
intake occurs due to overconsumption of beverages or to polydipsia) 
excretes from 1000 to 1500 ml of unne m 24 hours In some 
countries where beer makes up a large part of the fluid diet the 
output IS greater Of the normal factors influencmg urmary volume 
two of the most important are the diet (fluids as water, milk, coffee, 
soups) and environmental temperature Vigorous exercise causes the 
sweat glands to secrete more perspiration and decreases the out- 
put of unne Less perspiration m cold weather accounts for the 
greater unne volume in the colder months High protein diet and 
drugs (caffeme m coffee, in tea) also increase this excretion Drugs 
which increase the flow of urme are called diuretics Frequently, 
the kidneys become impaired (nephntis) and there is difficulty in 
eluninatmg the morgamc and organic waste matenals At such 
times, the kidneys may excrete an mcreased volume of unne 
Night unne from a normal person is about one half of that formed 
during the day The significance of vanous changes in volume in 
health and disease follows 
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/format 

Abnormal 

Significance 

1000 to 1500ml 
{96%H30) 


Depends upon water and duid foods con 
sumed, exercise, temperature, kidney func- 
tion, nervousness, excitement, mental con 
dition, etc 


High 1 
(polyuna) 

1 

Diabetes mellitua, diabetes insipidus, nerv- 
ous diseases, certain types of chronic ne 
phntis (kidney disorder), diuretics (drugs 
as cafTeine, calomel, digitalis, alcohol, 
causing increased urinary excretion) 


Low 

(oliguna) 

Acute nephritis, heart disease, fevers, 
eclampsia, diarrhea, vomiting 


None 

(anima) j 

Uremia (urinary substances in the blood), 
acute nephntis metal poisoning, e g , due 
to bichloride of mercury 


The color of normal unne is amber, the shade of yeUow depending 
somewhat upon the concentration of the pigment urochrome and 
traces of other pigments Very dilute unnes are almost colorless 
because of the large water content Normally the amount of urinary 
pigments vanes httle from day to day — regardless of the diet A 
vanety of colors is obtained m pathological conditions as ob- 
served m the following table 


! 

Normal 

Abnormal \ 

Significance 

Yellow to amber 


Depends upon concentration of pigment 
(urochrome) 


[ Pale 

Diabetes insipidus, granular kidney, a very 
dilute unne 


Milky 

Fat globules pus corpuscles in gemtouri 
nary infections 


Reddish 

Blood pigments drugs food pigments 


Greenish 

Bile pigment associated with jaundice 


Brown black 

Poisoning (mercury, lead, phenol), hemor 
rhages, obstructive jaundice 
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A transparent and clear unne is normal when the sample is fresh, 
warm and of the proper dilution, but a precipitate of urates may 
appear on coolmg and a precipitate of calcium phosphate may 
normally occur in an alhalme unne followmg a hearty meal 
Turbidity occurring on standing for several hours may be caused 
by the precipitation of mucin Venations m transparency and 
their significance follow 


Normal 

Abnormal 

S:g7ti/icance 

Clear 


No significance 

Cloudy on 
standing 


Precipitation of mucin from urinary tract 
Not pathological 

Turbid 


Precipitation of calcium phosphate Not 
pathological 



Preaeoce of tat globules Pathological 


Turbid 

Presence of pus as result of infiammation of 

1 the unnary tract Pathological 


The odor of normal unne is family aromatic, probably due to 
certam volatile orgamc acids and an evil smellmg substance called 
unnod The odor of unnes is also modified by the mgestion of 
certam drugs and vegetables Asparagus, for example, imparts to 
unne a strong characteristic odor, caused by the presence of 
methyl mercaptan (CH3SH) Diabetic unne smells of acetone 
The impleasant ammomacal odor of old unpreserved unne is 
brought about by bactenal action (urease) which changes urea 
into ammomum carbonate, and then mto ammoma 

NHa ONH4 

/ Urcaia / 

c = O + 2 H2O > C = O > 2 NH3 + CO 2 + H 2 O 

\ \ 

NHa ONH4 

Ur*o Ammon «m 

cerbonoln 
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The significance of vanous changes in odor follows 


Normal 

1 

1 Abnormal 

Significance 

Faintly aromatic 

1 

No significance 


Pleasant 
' (sweet) 

Acetone, associated with diabetes mellitus 


Unpleasant 

Decomposition, or mgestion of certain drugs 
or foods 


The specific gravity of normal unne averages about 1 020, de* 
pending upon the concentration of sobd matter Normal unne sp 
gr may vary from 1 010 to 1 030 and may be even lower followmg 
a large mtake of water The more dilute a unne the nearer the 
specific gravity approaches that of water This condition of low 
speafic gravity is prevalent when an unhealthy kidney finds dif 
ficulty m elmunating its salts, especially mtrogenous compounds 
If the patient has acute nephntis, the unne is usually concentrated 
and the specific gravity is high, but if it is chiomc nephntis then 
the kidney may excrete a greater volume of unne with a lower 
specific gravity The specific gravity of the unne usually vanes 
inversely as the volume, but in the case of diabetes meUitus this 
does not hold good, for then, both the specific gravity and the 
volume are high The sigmficance attached to an abnormal specific 
gravity follows 


Normal 

Abnormal 

Signt/icance 

1 010 to 1 030 
sp gr ! 


Ordinarily, sp gr ta inversely proportional 
to the volume 


Low 

Dilution, if volume is large otherwise 
chronic nephntis, diabetes insipidus 


High 

Concentrated if volume is small, otherwise 
if volume 13 large and hght colored, dia 
betea mellitus Acute nephntis 


It should be pomted out that the speafic gravity of unne in 
disease is rarely outside of the limits that may be obtained m a 
healthy mdmdual HowevCT, the excretion of a very dilute or very 
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concentrated xinne by a healthy person can usually be assoaated 
with definitely altered intakes of fluid Normally the kidneys can 
adjust specific gravity over the range from 1 000 to 1 030 depend 
mg on the relative amoimt of solid and water to be excreted In 
kidney disease this power may be lost with the result that the 
kidney is not capable of adjustmg the specific gravity which is 
spoken of as bemg “fixed ” There are several clinical tests that 
are referred to as dilution concentration tests that are designed to 
determine this function of the kidney In general they may be 
earned out by havmg the patient ingest a large quantity of water 
and then not permittmg any further water mtidie for 24 hours 
Urine samples are collected at regularly spaced intervals The 
normal response to such a test is that for a short tune after the 
large mtake of fluid the urme has a specific gravity approaching 
that of water but by the end of the 24 hour penod the specific 
gravity 13 over 1 030 In contrast, a patient with kidney disease 
may be unable to excrete either a very dilute or a very concen 
trated urme 

A rapid clinical method of determining the pacific gravity is the 
use of a unnometer From the reading, a rough estimation of the 
total amount of sobds per liter may be obtained by multiplying the 
numbers m the second and third place after the decimal pomt by 
2 6 (Long’s coeflScient) For example If the specific gravity is 
1 021 the calculation would be 

21 X 2 6 = 54 6 gm por liter of urme 

The reaction of normal unne may be either acid or alkalin e to 
htmus (pH 5 0 to 8 0) but is more frequently aad This is caused 
mainly by the monosodium and potassium phosphates (e g, 
NaH 2 PO<) The balance between the acid phosphate NaH 2 P 04 , 
and the basic phosphate NajHPO^ is one of many factors which 
influences the pH of unne, and makes the urme capable of be 
coTomg acid or alkaline to htmus The ratio between these two 
phosphates m both the blood and the glomerular filtrate is ap 
proximately the same, but m the unne there is a greater influence 
exerted by the acid phosphate, probably because of the selective 
excretion of the aad phosphate or the reabsorption of some of the 
basic phosphate In this way the kidneys aid m regulating the 
neutrahty of the blood 

The aadity of urme maeases somewhat if the diet consists 
largely of aad forming foods (proteins) In certam diseases when 
the urme has a high aadity, a possible aadoais la suggested This 
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of course can be confirmed or ruled out by blood chemical analysis 
On the other hand, an aJ&ahne unne may result from a vegetable 
diet, as m the unne of herbivorous animals Citrus fruits produce 
an alkahne unne It is mterestmg to note that the unne, after a 
heavy meal, may for some tune remain neutral or even alkahne, 
which IS known as the ‘ alkahne tide ” This is probably due to the 
mcreased demand dunng this time for acid radicals to form the 
hydrochlonc acid of the gastric juice 

H2CO3 + NaCl HCI + NaHCOs 

N0H2PO4 + NoCt HCI + NasHPOi 

Blood const tuonit Actd Alkol no loth 

secret on reabsorbed Into 

the blood 

The withdrawal of hydrogen ions from the blood tends to cause 
its reaction to become more alkalme However, the excretion of an 
alkaline unne will enable the blood reaction to remain more or less 
constant The unne may also become alkahne as the result of 
eating fruits and vegetables which are rich m alkahne mmerals 
and are known as alkahne ash foods Ingestion of sodium bicar 
bonate and other *‘alkahzers'* will also cause the unne to be al 
kahne The persistence of an alkaline reaction m the unne of a 
patient on a mixed diet (e g , animal and vegetable) pomis to 
probable infection of the bladder, providing that there has been 
no decomposition of the unne by putrefying bactena The mg 
mficance of high acidity and an alkaline unne follows 


formal 

1 

Abnormal 

Stgnificance 

Acid 

(Slight) 

1 

Diet of acid fonning foods (meats eggs 
prunes wheat etc ) overbalancing the 
basevformmg foods (vegetables and fruits) 


High 

acidity 

Acidosis diabetes mellitus many patbologi 
cal disorders (fevers starvation) 


Alkaline 

Putrefying bactena change urea into am 
monium carbonate Unnary infection or 
ingestion of alkahne compounds 


From the foregomg, it is evident that the kidney m excretmg 
either an aad or alkaline unne is a very important part of the 
body machmery m keepmg the blood plasma shghtly alkalme 
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SELF-TESTING QUESTIONS 

5 In what four ways may unne analysis be comidered important? 

6 How should unne be collected and preserved for analyaia? 

7 Why IS random samplmg of unne generally of httle value? 

8 What are the two most Jmportant/actom influencing unnary excretion? 

9 Name several conditions producing polyuna ohguna, and anuna 

10 What IS the sigmGcance of a unne that la pale milky, reddish, greenish, 

or brown black? 

11 Why are zailky and turbid unnes generally considered pathological? 

12 What IS the significance of pleasant and unpleasant odors m urine? 

13 How does the volume of unne excreted usually compare with its specific 

^vity? Name an exception to the general rule 

14 What compound causes an aod unne*^ 

15 Explain how the kidney assists m regulating the neutrality of the blood 

16 Why may human urine be acid or alkahne? 

17 What probably produces the condition known as ' the alkaline tide’ ? 

18 What is the sigmficance of a highly acid or alkaline unne'^ 

111. COMPOSITION OF URINE 
'Hie greater part of urme is water (96 per cent) in whjch are dis- 
solved organic and inorganic waste products of the body Of the 
organic matter, urea is the most important and abundant (ap- 
proximately 50 per cent of sobds), and is the principal nitrogenous 
end product of protein metabolism Next to urea m abundance is 
the morganic constituent, sodium chloride, which makes up ap 


Constituent 

Gn 

Water 

1200 0 

Sohds 

60 0 

Organic 


Urea 

30 0 

Creatinine 

12 

Unc acid 

07 

Pigments etc 

trace 

Urochrome 


Urobilin 


Inorganic 


Chlorides as NaCl 

12 0 

Sodium 

40 

Phosphates as PaO# 

25 

Sulfates as SOa 


Potassium 

i 20 

Ammonia (m salts) 

07 

Calaum 


Magnesium 
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proximately 20 per cent of the solid matter. Since diet and other 
factors have sudi a great influence on the composition of urine any 
urinalysis will show wide variations from time to time. See the 
representative analysis on the pre<^ding page showing the most 
important constituents of urine. 

Organic Constituents: 

Urea is the chief end product of protein metabolism (exogenous) 
or of tissue protein metabolism (endogenous), and it contains the 
greatest part of the nitrogen found in the urine. Urea is fovmd in 
nearly all of the fluids of the body, and some experiments seem to 
show that organa and tissues other than the liver can form urea. 
However, practically all of the urea is formed by the liver. The 
kidneys remove urea from the blood and excrete it into the urine. 
A small amount is excreted in the perspiration pnd saliva. The 
output of urea varies with the amount of protein eaten; a high 
protein diet such as meat produces an increased amount of urea. 
This output might be expected to be large when it is remembered 
that the body requires only a limited amount of protein for tissue 
building, that proteins in the usual sense cannot be stored in the 
body, and that any excess of proteins is Anally decomposed, yield* 
ing energy and fuel and nitrogen waste products. A low urea out- 
put is usually associated with a low protein diet or advanced kid- 
ney disease. 

Ammonia stands quantitatively next to xuea as the most im- 
portant nitrogenous constituent of protein metabolism (Fig. 2). 


fig. 2 — Ammonium Vrato. SphemJe 
and thorn crystals Metallic vrolet 
may occur in the jediment of odd 
urines. Name them. Courtesy, Howfe 
and Bergelm, "Phytio/egieol Chomis- 
try,” P. Blolciston's Sons Co. 
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The ammonia usually occurs as ammonium chloride, phosphate, 
or sulfate. The ammonia odor sometimes noticed in old urine is 
the result of fermentative bacteria changing mea to the unstable 
compound ammoniiun carbonate (p. 478). The importance of am- 
monia in abnormal metabolic (dianges is often attached to its use 
in neutralizing acids formed in excess of the amoxmt which could 
be completely eliminated. For instance, in diabetes mellitus there 
is an increased amoimt of ammonium salts in the urine. This 
is the result of the urea acting as a source of an alkali capable of 
neutrah'zing certain organic acids (e. g., acetoaceth and beta 
hydroxybutyric acids). Under these circumstances the following 
reactions occur; 

a. (NH2)2C0 -h 2 H 20 (NHO2CO3 
h. (NH4)2C03 + H2CO3-4 2NH4HC03 
e. 2NH4HCO3 + 2 N<iCi 2NH4CI + 2 NqHC03 


From the equations the following facts can be indicated; (1) The 
bicarbonate formed in reaction c is available for neutralization of 
acid. (2) In tbe series of reactions producing bicarbonate, urea is 
used up and ammonium chloride is formed. This means that there 
are more ammonium salts and less urea to be excreted. Thus the 
ratio of urinary urea to urinary ammonium salts can be used as 
an indication of whether or not addosis exists. (3) Tbe reactions 
are in part responsible for the body’s margin of safety in produc- 
tion against acidosis. (4) If alkalosis rather than acidosis is ex- 
istent, then the reactions do not take place and practically no 
ammonium salts are excreted in tbe urine. 



Ftg. 3 — CreoJinlne Colorlej* ere- 
noliino crystals. Of what value l» o 
creatinine determination? Courtesy. 
Htzwk and Bergeim, "PhytioJogica) 
Chemiifry," P. Bhkhfon't Soni Co 
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In addition to the formation of ammoma from urea (p 478), it 
must not be overlooked that copious water dnnking and acid form- 
mg foods (proteins) also increase the ammonia excretion, while on 
the other hand base forming foods (frmts and vegetables) decrease 
the amount of ammonia excreted 

Creatine and its anhydride creatinine are both normal orgamc con 
stituents of tissues, the former being especially abundant in muscle- 
tissue Creatimne, but not creatme, is a product foimd m the nor- 
mal urme of adults (Fig 3) Creatme is found only m the unne m 
children, m pregnant or menstruatmg women, and in such patho- 
logical conditions as fastmg, fevers, diabetes, and diseases mvolvmg 
a condition of acidosis 

Although creatinine metabolism is not clearly understood, it is 
defimtely known that creatimne is a product of creatme tissue 
metabolism (endogenous creatmme), and is related to the amoimt 
of muscle tissue m the body The daily output of creatimne ex- 
creted remains so constant that the determined amount m a 24 
hour sample serves to check this quantitative coUection An abnor- 
mal amount m the blood pomts to nephritis and uremia In 
decided contrast to the quantity of urea, the amoimt of creatimne 
m the unne is independent of the protem ingested 

Uric acid represents a fairly small, but important, organic con 
stituent of normal urine Usually unc aad occurs in the form of 
salts called urates, and smce these salts are insoluble in concen 
trated unnes, they readily separate to form the largest part of the 
sediment of unne Uric acid, unlike urea, does not come from 
ordinary protem metabolism, but from the destruction of nucleo- 
protems of foods or tissues It may be recalled that the nucleo 
proteins are conjugated proteins formed by the reaction of nucleic 
aad with protem They are an essential part of each cell, and upon 
hydrolysis and oxidation form a group of substances called punnes, 
to which group unc aad belongs A diet contaimng glandular 
organs (hver, kidneys, and sweetbreads) which are nch m cell 
nuclei, and also asparagus, spmacb, and legumes will markedly 
increase the output of unc aad Foods such as fruits, milk, eggs, 
and carbohydrates, however, give an almost purme or nuclem free 
diet, with the result that very bttle unc aad is formed This is of 
deaded value m the treatment of certain diseases (c g , gout) 
caused by the inabihty of the kidneys to ehminate unc aad prop 
erly Bemg relatively insoluble (1 to 15,000), unc aad is excreted 
with difficulty When there is some abnormal condition in unc 
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acid metabolism the amount of unc and m the unne is decreased, 
while in the blood it is increased At such times, the unc aad is 
deposited in the jomts or affected tissues m the form of crystallme 
urates To activate the kidney and increase the unc aad output, 
such drugs as the sahcylates, aspinn, and cmchophen have met 
with very doubtful success Carefiil regulation of a punne free 
diet, plenty of dnnking water, and erercise are perhaps of some 
assistance m the elimination of unc aad 

Sometimes there is too much destruction of nucleoprotems and 
a corresponding increase in the unc and excreted Hus would be 
true m mahgnant diseases resisting treatment (cancerous growths) 
m which the cells are destroyed, and also m leukemia where the 
leukocytes (white cells) are produced and destroyed m greater 
numbers 

The fact that unc aad has slight reducmg properties makes 
Fehhng’s test for sugar in unne unreliable However, unc aad will 
not reduce Nylander's reagent (bismuth submtrate) or Benedict’s 
solution, which reagents will ^ow the test for sugar 

Pigments normally occurring m unne include urochrome, urobtUn, 
and uroerythnn Urochrome, the pnnapal pigment, is a constant 
product of endogenous metabobsm, but it is increased m fasting, 
m fevers, m hyperthyroidism and aad administration, and it is 
decreased durmg alk^ administration Urobilin is denved from 
the bile, and becomes of diagnostic value only when there is an 
increase due to Uver disease Uroerythnn imparts the pink to red 
color found in normal urine It increases m various pathological 
conditions (fevers, hver disorders, digestive disturbances) 

Inorganic Sails 

The inorganic or mmeral constituents found m the unne are 
largely the chlorides, sulfates, or phosphates of sodium, potassium, 
calaum, and magnesium Since they are the end products of food 
and tissue metabolism, or are obtained directly from the morgamc 
salts m the foods, the amount of these matenals depends largely 
upon the variety and quantity of foods consumed As stated, pro 
tern foods produce aad radicab, while vegetables, frmts, and milk 
tend to produce the basic ions 

Chlorides are next to urea m abundance of sobd material m the 
urine The pnnapal chloride is sodium chlonde, the excretion of 
which depends upon the chlonde content of the food and the water 
consumed In fastmg, the percentage of salt in the unne runs low, 
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but it stays normal m the blood A decrease m urinary chlorides la 
associated pathologically with the formation of exudates, e g , ui 
pneumoma, fevers and conditions mvolving edema 

Sulfates are mostly derived from the oxidation of certam proteins 
contWing sulfur In pathological conditions mvolvmg acute fevers, 
and during stimulated metabolism, the excretion of sulfates is ui> 
creased, while a decrease is noted m disease mvolvmg a loss of 
appetite and lowered metabolism 

Phosphates are obtamed from the morgamc phosphates in foods, 
and also from the oxidation of phosphorus organic compounds 
The phosphates of the urme consist of Na 2 HP 04 , and NaH 2 P 04 , 
the latter salt accoimtmg for the slight acid action of urme As 
previously stated, these two salts act as buffers m mamtaimng the 
normal reactions of the body An mcrease m the excretion of phos 
phate IS connected with disease of hones (nckets, osteomalaaa), 
pulmonary tuberculosis, diseases mvolvmg a decomposition of 
nervous tissue, and with water drinking, while a decrease is ob 
served in pregnancy during fetal hone formation, m kidney dis 
eases, in acute infectious diseases, and m febrile afiections 
Sodium and potassium are always present m urme because of the 
sodium chlonde and the potassium salts present m foods. Potas 
Slum chlonde cannot be substituted for sodium chlonde in the 
blood The ratio of Na to K in urine is nearly five to three An 
mcrease in potassium has been noted m conditions of acidosis and 
m fevers 

Calcium and magnesium are excreted pnnapally m the feces and 
to a lesser extent m the urme An excess of urinary calcium is 
associated with certam bone diseases (osteomalacia), while a low 
calcium content is prevalent m nckets Smce some magnesium is 
retamed m osteomalacia while calcium is bemg lost, it is evident 
that the excretion of these two elements does not run parallel 

Abnormal Consfituenfs 

In pathological conditions, abnormal constituents are found in 
the urme, the most frequent of which are proteins, glucose, acetone 
bodies, bile, blood, and pus 

Proteins bemg of a colloidal size are not capable of filtenng 
through the kidney and consequently when found m the urine 
usually indicate nephritis This permeable condition of the kidney 
permits protem to pass into the urme and results m a condition 
called renal or true protemuna (or albuminuria) to distmguish it 
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from accidental albucmnvuia, m which latter condition the protein 
does not come from the blood» but is the result of injured cells of 
the urmary tract below the kidneys In some diseases of the un 
nary tract, blood proteins and pus will respond to the usual pro 
tern tests (Heller’s, Esbach’a) Although protein m the unne 
indicates disturbances of the Indneys, it should be considered only 
in connection with other chnical findings The simplest test for 
protem is the formation of a precipitate when unne is heated with 
a few drops of acetic acid, the acid dissolvmg any precipitated 
phosphates 

Acetone appears along with acetoacetic and B hydroxybutync 
acids (acetone bodies) When found in the unne (a condition called 
acetonuna or ketonuria) it is the result of mcomplete oxidation of 
fatty acids Such a condition may be seen in healthy individuals 
when fasting, or with a high fat and a low carbohydrate diet, 
but it most often appears in diabetes melhtus and during high 
fevers In very severe forms of diabetes, the alkaline reserve of 
the blood is so depleted by these aads that a fatal acidosis may 
develop Since ammoma is a reserve supply of alkah (formed at 
the expense of the urea), a considerable part of the acids formed 
ere found in the urine as ammonium salts of these acids, and since 
acetoacetic acid readJy changes into acetone, the usual tests are 
made for acetone Rothera’s test for acetone and acetoacetic acid 
occurs on p 754 

Glucose in more than mere traces in the urine is considered patho 
logical and this condition is knows as glycosuria (sugar is the 
unne) However, glucose may be excreted m the lurine because of a 
low renal threshold, giving nse to so called renal glycosuria One 
type called temporary glycosuria is the result of the mgestion of 
more sugar than the body can store at one time, the average glu 
cose tolerance being around 50 Gm per dose without producing 
glycosuria Temporary glycosuria may occur during vigorous exer 
cise, or strong emotions such as worry, or excitement, which latter 
condition may possibly be due to oversecretion of epinephrine by 
the supraren^ or adrenal glands The other type called permanent 
glycosuria (diabetes melhtus where there may be as much as 10 
per cent of sugar found m the unne) is not caused by a disease of 
the kidneys but rather by a lack of insulin or the inability of the 
body to store and bum glucose properly, with the result that sugar 
retamed in the blood stream is very high and large amounts are 
excreted in the unne As^has beet^previously stated, one test 
(Benedict’s, p 329) for glucose is based upon its ability to reduce 
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metallic hydroxides m an alkaline solution, and may be distin- 
guished from lactose by the fact that lactose does not imdergo 
fermentation with baker’s yeast.* 

Lactose has been foxmd in the urine during pregnancy and lacta- 
tion, but does not apparently have any pathological significance. 

Bile pigments produce a yellowish green to brown color in tirine 
which upon shaking readily produce a foam of a yellowi^ cast. 
Pathologically, the excessive production of bile or obstruction to 
its excretion into the intestine gives rise to jaundice. The bile then 
stains various tissues of the body- The tests for bile depend upon 
oxidation of the pigments to form various colors (green, blue, yel- 
low) appearing as rings at the point where the reagents meet in 
the test tube. 

Blood may occur in the urine (hematuria) because of a lesion in 
either the kidney or in the urinary tract below the kidney. Also 
when hemolysis of the blood corpuscles takes place (laking of ers^h 
rocytes) the blood pigment passes into the urine (hemoglobinuria). 
This latter condition may occur in scurvy, malaria, in severe bums, 
in some types of poisoning, in transfusing blood that imdergoes 
hemolysis in the patient's blood, and in other pathological condi- 
tions. The most delicate test for blood is a blue color produced by 
the benzidine test (see laboratory exj^riment, p. 764). 

Indican in excess is indicative of exc^sive int^tinal putrefaction, 
and is the result of detoxication of indoxyl which results from putre- 
factive changes of the amino acid tryptophan. Obermayer’s test 
for indican occurs on p. 755. 

Pus usually develops in inflammatory conditions, such as catarrh 
of the bladder, inflammation of the pelvis of the kidney, and inflam- 
mation of the urethra, or in abscesses of the urinary tract. Pus in 
the urine is known as pyuria. In a broad sense, a pus cell is a dead 
leukocyte. Pus cells may be detected under the microscope; they 
appear as round, colorless, nucleated cells. 

Sedoient: a microscopic examination of the sediment of patho- 
logical specimens is quite helpful in diagnosis and prognosis. Al- 
though the sediment may be collected by allowing the urine to 
stand for many hours, it is much quicker and more satisfactory to 
remove the sediment by centrifuging the urine. Perhaiis the most 


* There are at the present tune several cmnmercial preparations available for the 
detection of eager la the turne The most mddy used of these is "CLaitest” which is 
baaed on the copper reduemg properties of glucose in hot solutions In thia 

test a small tablet, containing copper and alkali and a mixture ie generate beat when 
the tablet dissolves, is dropped into a small quantity of urme and in the presence of 
gincose the mixture takes os an orange color due to reduced copper. 
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important elements in the sediment decompose on standmg, so that 
unless the specimen is centrifuged much of the diagnostic value of 
the examination is lost Tlie sediment will fall under two classes 
first, the unorganized, containing calcium phosphate, uric acid and 
the urates, and the second, the organized, containing the epitbehal 
cells, pus cells, cyhndroids, and casts An occasional red cell may 
be present but an increased number mdicates a pathological con 
dition 


Unorganized 

Organized 

Calcium phosphate 

Epithehal cells 

Unc acid 

Pub cells cyhndroida 

Urates, etc 

Casta etc 

Sulfonamide crystals in pattente 


receiving the drug 

1 



Normal urme upon standmg generally produces unorgamzed 
sedunent, which dissolves upon warming, luting, and adding a few 
drops of ilute hydrochloric acid, provided that only phosphates or 
urates are present Unc acid sediment is soluble m so^um by 
droxide In the presence of organized sediment, beat will probably 
coagulate the protein Moreover, hydrochloric acid may precipitate 
the protein and destroy the casts, while sodium hydroxide not only 
dissolves mucous cells with the formation of a clear solution but 
also makes the pus gather mto a thick, sticky mass In addition, 
treatment with sodium hydroxide also destroys any microorganisms 
present as evidenced by the production of a milky appeanng unne 
which cannot be clarified by filtration 

An increased number of epithehal and pus cells is frequently 
present m speamens from females (who have leukoirhea), other 
wise they indicate some disturbance along the urinary tract, 
although a small number may not be pathological Much pus indi 
cates bactenaJ infection as in venerea/ diseases and renal abscesses 
Sometime the kidney tubules become packed with protem and 
other material to form a cyhndncal mass Upon being discharged 
the mass retains the shape of the tubules to form what are called 
casts, and indicate some kidney disturbance, whether albumin is 
present or not The expelled protem mass may tear loose some 
kidney cells and produce hemorrhage 
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Urinary Calculi: 

Sometimes the mineral salts precipitate in such large and com- 
pact masses in the urinary tract to form stones, called calculi, 
although the process is a gradual one. An examination of these 
stones shows that mineral constituents mostly have been deposited 
in concentric layers on a nucleus of epithelial debris, a blood clot, 
or more likely uric acid or mate crj^tals. Generally, the calculi 
are voided without any difficulty before they have become very 
large, but when lodged in the pelvis of the kidney, or in the duct 
(ureter) that carries the urine firom the kidney to the bladder or 
in the bladder, they may be very large, sometimes weighing from 



1 to 50 Gm. or even more. The color, form, hardness, and compo- 
sition of the calculi vary greatly, according to the diet and the add 
condition of the urine as well as the cause. Calculi are more apt 
to form when there is: (1) A highly concentrated urine, and (2) 
an abnormal amoimt of uric add eliminated, (3) genitourinary in- 
fection, C't) a shortage of proterffvecoffoKi feacfiashyahnonrcacicfj' 
in the dispersion of urinary crystalloids. 

Chronic vitamin A defidency in rata is assodated with degener- 
ative changes in the kidneys and calculus formation. In fact, 
experimentally, this is the moat effective way of producing stones 
in the urinary tract. It is believed that infection sets in, pro- 
ducing stasis* and decomposition of the urine, making it alkaline 
and predpitating salts which form calculi. 


* Sta«ia is the arrest of the blood current doe, presumablr, to abnormal resistance of 
the capiUar; walls 
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SELF-TESTING QUESTIONS 

19 What ia the si^ificance of a low urea output? 

20 How la ammonia formed and what is its importance in the unne? 

21 WThat la a guide to the seventy of acidosia^ 

22 What significance is attached to the preaeaoe of creatinine? 

23 What foods increase and what foods decrease unc acid formation'^ 

24 Bzplam how uric acid in the form of urates produces pain m the joints 

m such a disease as gout 

25 How may unc acid elimination be increased? 

26 What are three important unne pigments^ 

27 What IS the significance of decreased chlorides^ of increased sulfates? of 

decreased and increased phosphates'^ of increased potassium? of de 
creased and increased calcium in the unne? 

23 How would you distinguish between renal end accidental proteinuna? 

29 In what aietaboLc disturbances is acetone produced? 

30 What la the distinction between temporary and permanent glycosuna? 

31 W^tiatheeigmficanceofbile.blood pus casta and calculi m the tinne'^ 

SUGGESTED ACTIVITIES 

I Tboccbt PROVOECKa QuesnoKS 

1 What happens to the health of a patient when carbohydrates are 

withdrawn from the diet^ 

2 How should the diet of diabetica differ &om that of aephritiea? 

Give reasons for your answer 

3 If a diabetic on entering the hospital has acidosia how may you 

account for the condition^ What measures should be taken to 
relieve it? 

4 If the elimination ofnitrogen in waste matenals of the unne exceeds 

the intake of nitrogen in the proteins of the diet, what cosclu 
siODS would you draw? How could this condition be remedied? 

5 What happens in the tissues when the intake of food exceeds the 

needs of the body? tVfaen it is losuffiaent? By what means may 
we determine these facta’’ 

6 What are the disadvantages of eatmg an excessive amount of 

protein? The advantagea if any 

7 Name several circumstances under which the need for mmeral 

matter is greater than usual. Describe the results when this 
need is not supplied 

8 In what respect does the xsetaboham of a diabetic differ &om that 

of normal persons? Describe bow this modifies his use of food 
and bow the d et should be modified 

9 Discuss the advantages and disadvantages of milk as a food for 

infant feeding 

10 Following the discovery of sugar m the unne what other condition 
should be present before dtagnosisg diabetes? 
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11 


12 


How are the composition and properties of unne modified by the 


following 
(a) Exercise'’ 

(*) 

Injury to cells of unnary 

(6) High protem diet’ 


tract? 

(c) Acute nephntia'’ 

(0 

High fat and low carbo 

(d) Chronic nephntis? 


hydrate diet*’ 

(e) Diabetes? 

(m) 

High fevers, diabetes'’ 

(/) Vegetable diet, fruit, nuts 

in) 

Eatmg H lb of candy? 

milk’ 

io) 

Jaundice? 

(g) Injection of baking soda? 

(P) 

Lesions in kidney or uri 

(h) Starvation^ 


nary tract’ 

(i) Eatmg glandular organs 

(9) 

Infiammatory conditions? 

(Uver, kidneys sweet- 


Infection of the unnary 

breads)? 


tract? 


(j) Bone diseases'’ 

W^t condition would most likely be indicated by each of the 
following urinalyses'’ 


Volume 

1 

6 

§ 

1 

e 

1 

1 i 
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1 J! 
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' ^ 

■Q 

Sediment 
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s s 
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Large 
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Yellow 
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on acid 
dying 
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II Vocabulary Testing op New Terus 

polyuna urochrome aiiatoniiEia. 

ohguna unnomcter hemoglobinuria 

anuna "alkaline tide" casts 

chyluna albuminuria urinary calculi 

protemuna ketonuna pyuna 

III Topics for Oral or Written Reports 

1 Value of Urinalysis in Diagnosis 

2 The Organs of Excretion What They Accomplish 

3 How the Kidneys Function in Urine Formation 


LABORATORY CHEMISTRY 

Laboratory exercises for thia chapter wUl be found on pages 749, 752 
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CHEMICAL CHANGES IN THE TISSUES 


CHAPTER OUTLINE 


Mstabolisu 

(a) Chemical nature of metabobaia 

(b) Energy metabolism 

Basal Metabqusu 

(a) Determination of basal 
metabolism 

(fa) Internal factom affecting basal 
metabolic rate 

(e) Variation la weight 

(d) Vanabon m height 

(e) Vanabon m age 

(f) Vanabon in sez 

(g) Vanabon of mtemal eecrebona 

(h) SpeofiedTaamicactionoffoods 

(i) n«ebcal value of aacertamiag 

the metabolic rata 

Mptabousu or CAuoimiuTfts 

(a) The Ugh energy bond 

(b) Changes produced by the hver 

(c) Anaerobic cataboliam 

glycolysta 

(d) Theaerobicphaae tnoarbozybc 

aad cycle 

(e) ConTersoa of glucose to fat 

(f) Carbohydrate tolerance 

Mbtabousm or Fats 

(a) Funcbon of fata 


(b) Ozidabon of fata 

(c) Incomplete fat metabolism 

(d) Ketosis and anhketosis 

V Mstasolxsh or Psorsiiis. 

(a) Function of ammo aada 

(b) Ozidabve deaxninatjon 

(c) IVa&aaminaboa 
(d> Urea formation 

(e) Kitrogen balance 

VI Mbtabousm or Ikoboanic Salts 

(a) ClaaMficadon of inorganic 
(ash) elements 

(b) GenerU fuscbona of morgamc 
aalte 

(c) Control of contrscbon of mas 
dee and imtability of nerves 

(d) Maintenance of osmobe 
pressure 

(e) Hole ID acidity and aUraliaity 
of digesbve jmcea 

(f) Freeervation of normal chem 
ical reacbODs 

Metabousm or Watsb 

(a) Adaptation of life to water 

(b) Water ezcfaange 

(c) Water needs 


I. METABOLISM 

Chemical Nature of Metabolism: 

There are many different manifestations of hfe exhibited by the 
cells, involving a correspondmgly large number of chemical ch^ges 
which are always accompani^ by energy changes The general 
expression used for the sum of all these energy changes is metabolism, 
which m a restricted sense is defined as the rate of the oxidation 
processes 

The word “metabohsm” mvolves two phases of chemical reac 
tions, the buildmg up process called anabolism and the tearmg 
down process, called catabolism Anabolism, or constructive metab- 
ohsm, refers to the building up of body tissues and reserve nutnents 
stored in the body Catabolism, or destructive metabolism, refers 
495 
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to the breaking down of discarded body cells and waste products 
The anabolic and catabolic processes dunng normal adult life 
usually balance each other, the constructive processes equalling 
the destructive ones In youth or during a convalescent penod, 
anabohc functions may be greater, while m old age, disease, violent 
exercise, and malnutrition, catabolism is more preponderant 

Cells vary markedly m their specific functions, even though all 
cells have access to the game supply of food earned by the blood 
The selective power of each cell is such that it takes only what it 
may assimilate, rejects what may not be used, and this selective 
power represents one of the mystenes of hfe There are difference 
in concentrations of vanous substances between the inside and 
outside of the cell Of the many substances taken mto the cell, 
oxygen is of utmost importance, smee it is a vital factor in almost aU 
metabohe changes The use of oxygen m the body makes possible 
the production of energy of which the greater part (four fifths) 
appears as heat It is mterestmg to note that Lavoisier was the 
first to study the role of oxygen in generatmg heat and potential 
energy of the body He made a diemicaj study of the respiration 
of living forms, finding that the life of an animal, bke a candle’s 
flame was dependent upon the contmual removal of oxygen from 
the atmosphere, and upon the return of an equivalent quantity 
of carbon dioxide He found, moreover, that the amount of oxygen 
consumed was related to the amount of heat developed by the 
animal Life, declared Lavoisier, is a chemical process akin to 
combustion This was an epoch makmg discovery 

Energy Metabolism* 

The carbohydrates, fats, and proteins can be used equally well 
to supply fuel for beat and mecbamcal energy The piotems are 
umque, however, m that they alone are capable of restormg or 
building new body tissue This is readily understandable when we 
recall that most functional body tissue is of a protem nature and 
that proteins contain mtrogen whereas fats and carbohydrates do 
not 

Energy is expressed m terms of umts of heat The amount of 
heat required to raise the temperature of 1 Gm of water 1® C is 
called a calone However, to measure the energy changes of the 
body it IS more convement to select a heat umt 1000 times as large 
called the large Calone (capital C) or kilocalone, which is the 
amount of heat required to raise ^e temperature of 1000 Gm 
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(1 kg ) of water V C The calonc value of a food is determined 
by placmg a weighed quantity m a bomb calorimeter (Fig 1), 
fillmg the bomb with oxygen under pressure, closmg, and immers 
mg the bomb m a weighed quantity of wafer The food is then 
igmted by an electric current, and the nse m temperature of the 
water is measured By means of this instrument the physiological 
fuel values of foods show that 

1 Gm of carbohydrates produces 4 1 Calories 
1 Gm of fats produces 9 1 Calories 
1 Gm of proteins produces 4 1 Calories 


Fig l-^Feod Velij«i Determined wth a Colo 
nmeler The crots leet on of the coionmetcr showrs 
the colorimeter bomb immened in water in which 
Is a stirrer and thermometer Why is the heal 
obto ned in the colorimeter slightly higher ihon 
that shovm for the oxidation of a food In the bodyf 



For convemence these values usually are used as whole numbers 
as follows carbohydrates, 4 Cal /Gm , fats, 9 Cal /Gm , and pro 
teins 4 Cal /Gm 

From these values the calonc value of any food may be esti 
mated For instance, m the fbllowmg exampfe 100 Gm of milk 
furnishes 68 Calones 


Food 

Per Cent 
Analysu 

Calones 
per Gram 

Total 

Calories 

Carboliydrate 

1 5 X 

4 

- 20 

Fat 

■i 

X 

9 

- 36 

Protein 

I 3 X 

4 

- 12 
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Various proportions of the three principal foodstuffs for daily 
requirements have been suggested, a favored one being that of 
the German physiologist, Voit He proposed 500 Gm of carbo- 
hydrates, 56 Gm of fat, and 118 Gm. of protein. Such a diet would 
furnish approximately 3000 Calories, an amount sufficient for a 
normal adult engaged in ordinary activities. The exact protein 
requirement has been seriously debated by many investigators. 
The current views appear to indicate that 80 to 90 grams of any 



Fig 2— Giving o Basal Metabolism Test Th* amaunf of oxygen consumed is 
used in calculating how mueh food is being OKidixed or the number of calories 
of energy produced This amount of energy (basal metabolism] is compared with 
a chart, showing the average normol melabofie rote for a person of the some 
height, weight, age, ond sex What do you think would be the practical volue of 
ascertaining the metabolic rote? Cowfesy, Sanbam Compcmy 
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good protein per day is quite adequate for a healthy adult Recently 
it has been shown that in many diseases an increased intake of 
protein is quite beneficial 

SELF-TESTING QUESTIONS 

1 What 13 meant by metabolism? Anabolism? Catabolism'^ 

2 How IS the caloric value of a food determined'’ 

3 What are the physiological fuel values of carbohydrates fats and 

pro terns’ 


II. BASAL METABOLISM 
Determination of Basal MetoboHsm* 

The consumption of food as well as the activity of the body 
vanes It follows that the energy demand made on the body (or 
the cells composing it) must also vary from time to time Hie 
harder the physical work, the greater the amount of heat produced 
by the body At complete mental and physical rest and in the 
absence of food m the stomach and mtestmes, certain basic energy 
changes in the cells are still gomg on, otherwise there would be no 
life, but these energy changes are at a mjmmum At such times, 
the body may be hkened to an idhng automobile — ready to per- 
form work at a moment’s notice Ihis minimum amount of energy 
required to momtain life when the body w at rest, at normal tempera 
ture, and when no digestion is gomg on is known as the basal metabolic 
rate (B M R ) 

Under such conditions the energy requirement, measured as the 
amount of heat evolved m large Calones per 24 hours per sq meter 
of body area, called the basal metodo/ic rate, is a gauge of the speed 
at which metabolic processes are taking place To produce this 
energy transformation without mgested foodstuffs means that 
chemical reactions are taking place on the food stored m the body, 
chiefly fats and carbohydrates Smce there is a definite relation 
between energy production and oxygen consumption the usual 
chmcal method of obtainmg the basal metabohc rate is to de- 
termme the amount of oxygen consumed by a patient (who has 
been properly prepared) durmg a penod of six to eight minutes 
(Fig 3) The average oxygen consumption per minute is then 
estimated From this the 24 hour oxygen requirement is easily 
calculated The amount of oxygen consumed is used m calculatmg 
how much food is bemg oxidized, or the number of Calones of 
energy produced This amount of energy, the basal metabolic 
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rate, is compared with a chart diowing the average normal basal 
metabolic rate for a person of the same height weight, age and 
sex Any vanations from the normal are reported as percentage 
variations plus or minus —10 meanmg 10 per cent below the 
normal, +10 meamng 10 per cent above normal The normal 
based metabolism of an adult male of average size and about 
thirty five years of age is 39 5 Calones per square meter per hour 
For a body area of 1 8 square meters this represents a basal metab 
olism of approximately 1700 Calones per day The basal meta 
bohc rate of a normal person before breakfast is so constant that 
a variation from normal of more than 16 per cent is indicative of 
some disturbance m the vital processes 
These facta are fundamental m dietetics, for they mean that an 
adult confined to bed would need 1700 Calones even if he never 
turned over or lifted a hand 



Pg 3 — The Sened ct Roth MetaboIlMR Apparatui. Note In the Illuitratlon how 
(he opparalvf alto mokes o grapfiM chort record of Ihe poMenfs exygeit eon 
sumplOA. Couriasy Worren C CofIn* fnc 
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Internal Factors Affecting the Basal Metabolic Rate: 

There are many factors that must be considered in carrying out a 
basal metabolic determination. Sudi external factors as exercise, 
eating or fasting can be controlled in making a basal metabolic test 
but not such inherent factors as weight, height, age, sex, and in- 
ternal secretions. All must be taken into account in estimating 
the significance and the value of the basal metabolic rate (B.M.R.). 

Variation in Weight: 

In two men of the same height, one distinctly thin and one fat, 
it has been foimd that a smaller amount of heat will radiate from 
the thin man. For this reason consideration must be given to the 
surface area of the body. 

Variation in Height: 

The same reasoning shows that two men of the same weight, 
but differing in height, will have different amounts of heat radia- 
tion, height increasing the heat radiation. 

Variation in Age: 

Of considerable interest is the effect of age on the basal metabolic 
rate, the production of heat being greater in youth than in old age. 
During physical growth increased height and weight may some- 
times counterbalance a difference in age. For instance, a youth of 
12 years of age might have the same production of energy as one 
16 years old. The latter’s increased height and weight may at 
times counterbalance a decreased energy production. 

Voriation in Sex: 

Another interesting fact is that for eome reason (probably more 
fat and less muscle in the female) the basal metabolic rate of 
women is about 10 per cent lower than that of men of the same 
height, weight, and age. This is so because B.M.R. measures 
"active” protoplasm, and fat is not very active tissue. 

Variation of Internal Secretions: 

The internal secretions, or hormones, of certain glands (en- 
docrine) stimulate body tissues, and in this way markedly influence 
the basal metaboUc rate. For instance, the adrenal glands may 
afiect blood pressure, the pitmtary glands influence growth, the 
Islands of Langerhans control sugar metabolism, and the secretion 
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of the thyroid gland increases the rate of oxidation Feeding thy 
roid tissue or thjroid extract to any animal (mcladmg man) always 
raises the B M R When the thyroid gland produces more secretion 
than 13 required by the normal body, a disease known as hyperthy 
roidism develops and the basal metabolic rate must always be 
above normal m this disease 

Recent work on animals has shown that certam fractions of the 
pituitary gland have a profotmd influence on the basal metabolic 
rate A potent extract may produce a marked mcrease in B M R 

Speelflc Dynamic Action of Foods 

Ingested foods speed up oxidative leactiona m tbe tissues to 
produce energy In other words foods stimulate the rate of metab- 
olism, the effect being referred to as the specific dynamic action ot 
food Of the different foods proteins have by far the greater and 
more prolonged specific dynamic effect To maintain the oxidative 
reactions in the tissues, that is, to supply tbe energy required to 
metabolize foods, it has been eshmat^ that on sn average mixed 
diet over 10 per cent of the total food Calones used roust be added 
to the basal requirement in order to take care of this specific dyna 
mie effect Theretore, a daily energy requirement embodies the 
basal energy requirement, the energy for muscular activity, and 
the energy for the specific dynamic action during metabolism 

Proctical Value of Ascertaining the Metabolic Rate 

Since under normal conditions the metabolism remains fairly 
constant from day to day, any naarked vanation will be of definite 
clinical assistance m diagnosing certam pathological states This 
IS specially true in the diagnosis and prognosis of goiter In fact, 
seve^ metabolic disturbances are associated with over or under 
secretion of the thyroid gland A lack of this secretion (hypo 
thyroidism) may result m a gam m weight, apathy, muscular weak 
ness perspiration, and flushing of the skin, while an excess secretion 
(hyperthyroidism) produces an mcreased heart rate and respira 
tion rate, excitabihty, buigmg of eyes, etc 

In adition to the dimcaJ value of ascertaining tiie basal meta 
bohc rate m certam diseases, it has some practical use m deternumng 
the dietary requirements of those who are overweight or under- 
weight (rhe basal metabohc rate furnishes reliable information for 
estimating the food requirements of overweight or underweight 
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people The basal metabobc rate, like body temperature and blood 
pressure, is an additional tool which permits the physician to 
recognize certain types of disease 

Ihe value of the basal metabolic rate is shown by the table of 
selected pathological conditions on page 504 

SELF-TESTING QUESTIONS 

4 VVhat ts the zneanizig of baaa) metabohc rate^ How a it determined^ 

How IS it read? 

5 What mtemal factors affect metabolism^ 

6 Explam one possible difference m the metabolism of two men of ihe 

same height of same weight of different ages 

7 How does the accretion of the thyroid gland affect ihe basal metabolism 

(BMR)’ 

8 What cbmcal and practical value has the basal metabobc rata deter 

mmation? 

111. METABOLISM OF CARBOHYDRATES 

The nutrients from the digestion and absorption of foods, to 
gether with oxygen are supplied by the circulation of the blood 
to the organa and tissues Here they are used for the production 
of energy and also for the synthesis of the many substances required 
by the body, both for its structure and its functiomng The 
utilization of nutnents to satisfy body requirements mvanably 
involves a series of chemical transformations For illustration, 
as Will be discussed later, when glucose serves as a source of energy 
it IS not oxidized directly, m one step, to the end products carbon 
dioxide and water Rather, it goes through a senes of gradual 
changes go that there are numerous related intermediate steps 
and intermediate compounds This is known as intermediary 
metabolism This field of biochemistry is being intenavely explored, 
and the discovenes made have been and will contmue mcreasingly 
to be of great value m copmg with disorders of the human body 

The metabolism of carbohydrates, hke that of bpids and pro 
terns, is controlled fay enzymes and coenzymes, honnones mmerals 
(as ions), and other factors It is known that some of the vitamins 
play an essential role m metabolism smce they are required for the 
synthMis of certam enzyme systems 

The High Energy Bond 

It is now generally accepted that the immediate source of energy 
for muscular activity is a compoimd called adenosme triphosphate, 
abbreviated ATP ITus substance, present m all muscle tissue, 
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can release considerable energy through a reaction of hydrolysis 
which produces adenosine diphosphate, abbreviated ADP, and 
phosphoric acid Adenosine triphosphate is said to have a high 
energy linkage in its structure ATP serves also as a source of the 
energy needed for promoting some of the chemical reactions of 
intermediary metabolism, and as a source of the phosphate group 
for a number of phosphorylations 'Hie chemical structure assigned 
to this highly important and interestmg compound follows The 
two vertical broken Imes through the formula are merely to show 
the three structure which are incorporated m the ATP molecule 



C-H i 


— O— 

H H 
O O 

N — '-<H-CH-CH-CH-CH2-0-} 
' (o *uoaO reiidii* 

I 


P-O-P-OiP-OH 

I 

{ Jr phofphof* group 


The * indicates the high energy bond llydiotysis breaks this bond to release energy 
and to form ADP and H3PO4 


Much of the energy released m the catabolism of nutnents is 
stored m muscle tissue as ATP, where it is immediately available 
for muscular activity 

Changes Produced fay the Liver. 

In the couree of digestion the carbohydrates are changed into 
the monosaccharides, glucose, fructose, and galactose, which, after 
absorption into the capillanes of the mtestmal mucosa, are earned 
by the blood to the portsl tisar, end lienee to the After the 
blood passes through the hver into the hepatic vem two changes are 
noticed (a) glucose la the only sugar present, and (6) of more 
importance its amount has been decreased This decrease m sugar 
content is accoimted for by the condensation of the monosacchande 
molecules under the influence of a group of enzymes to form the 
polysaccharide “glycogen ” This is known as animal starch and is 
stored as a colloid^ and mdiifusible product m the hver 

The hver, then, is a very important organ m carbohydrate 
metabolism smee it regulates the amount of glucose which enters 
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the general circulation to be earned to the tissues This is only 
one of the many vital functions of the liver Even though at times 
the consumption of carbohydrates becomes so large that the sugar 
content of the portal vein may be twice the normal amount, the 
liver removes the excess and stor^ it as glycogen The excess 
sugar which is stored temporanly in the hver as glycogen can be 
changed by enzymes at a moment's notice mto glucose for the 
purpose of oxidation in the tissues dunng fastmg Some glycogen 
13 also found m the tissues, but even that amount, together with 
glycogen of the hver, does not normally total one pound This 
would be consumed in one day of fastmg Therefore it is evident 
that glycogen provides only a temporary and limited reserve 
supply of fuel for energy or for muscular work, and for maintaining 
a somewhat constant glucose concentration m the blood 
In the hver the synthesis of glycogen from glucose, called 
glycogenesis, proceeds as follows 


Hixofcrnait) ATP 

(1) Olyeote— — — »OIy<o$«-6«photphofe 


PhMph»4lv(«nulet» 

(2) G|yeose*6>pho$phales=^=s=^ Glucete-Vphosphalfl 


PhoiphoryloM 

(3) GJycoie-l'phojpho>es===OJ)'cegen + phosphoric acid 

The numbers used m some of these names identify carbon atoms 
m the carbon chain of the molecule. Glucose baa a cham of six 
carbons The numbering starts with the carbon of the aldehyde 
end of the cham Thus m glucose 1 phosphate a phosphate group 
is jomed to carbon number one by an ester linkage 
A senes of reactions similar, if not identical, to those just given 
occurs when muscle glycogen is formed from glucose withdrawn 
from the blood The first of these reactions is not reversible, it 
progresses only because of the high energy provided by ATP, 
which serves also as the phcraphorylating agent 
When liver glycogen is hydrolyzed to produce glucose, a process 
called glycogenolysis, the following reactions occur 

PheiphoryIai« 

(1) Glycogen + phosphoric acid ^===t Glueose-1>phospha(e 
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fhoiphogUfeomvIatB 

(2) GlucQse-1-phospha>e ^ — ■■■■ - ^ GIucose-6-phospha!e 


Plmphotaw 

(3) Glucose-6-phosphate ►Glucose + phosphoric acid 

When glycogenolysis takes place in muscle tissue, only the first 
two of the above three reactions take place Muscle tissue contains 
no phosphatase (glucose 6 phosphatase) to hydrolyze the glucose- 
6 phosphate 

At least two hormones, epinephrme and msuhn, play a part in 
glycogenesis and glycogenolysis It may well be that these hor- 
mones control the activity of the enzymes hexokinase and phos 
phorylase Insulin promotes the conversion of blood sugar to 
glycogen (glycogenesis) while epmephrine has the opposite 
activity, favonng the hydrolysis of glycogen Thus if the injection 
of too much insulin mto a diabetic patient produces hypoglycemia 
(low sugar), epmephnne can be used to increase the blood sugar 
and reheve insuhn shock 

All of the nutritionally important simple sugars, fructose and 
galactose as well as glucose, can undergo glycogenesis, but glyco 
genolysis produces glucose only 

Anaerobic Catabolism; Glycolysis 

Havmg noted the part played by the hver in glycogenesis and 
glycogenolysis we shall next examine the manner m which glucose 
(blood sugar) breaks down m the liver, and especially m muscle 
tissues, to release energy For purposes of discussion this is con 
sidered m two stages, first the anaerobic phase (without air, i e 
oxygen) and second the aerobic phase (in presence of air) 

TTie anaerobic phase of the catabolism is known also as glycolysis 
It mcludes a senes of chemical changes which spht the six carbon 
atom glucose molecule into two molecules of three carbons each 
Reactions in the senes are controlled, i e , catalyzed, by specific 
enzymes The diagram on p 508 outlmes glycolysis, starting with 
the glucose which is present m liver and muscle tissue, or which 
becomes quickly available from glycogen through glycogenolysis 

In this senes of changes, two molecules of ATP are consumed 
and four are produced for each molecule of glucose metabolized 
to pyruvic acid This is a net gam of two molecules of ATP, which 
with high energy bonds represents a storage of energy released 
m glycolysis 
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Glucose 

^ (a hsxelinaiei ATP-*aDP) 
Glucose 6-phosphafa 

ti (phmpHohexote tfamcrose) 
Fructose 6-phosphale 

II tpt>Mphohsk^ nai«> ATP-*A0P) 
Fructose-1,6-d>phosphata 



Dihydroxyocetone phosphate 3 Phosphoglyeeric aldehyde 

TI (a phofphedeSydregenaist 

j|DPN-*DPN Hst 

1,3 Dtphosphoglyceric acid 

||(pho»phalonoie; ADP-»ATP| 

3 Phosphoglyeeric oeirf 

II (pSoipboglycPromulolp) 

2 Phosphoglyeeric acid 

II 

Phesphe(enol)pyruvic acid 
(OPN H*-»0PN} II (php»phol( neie) ADP-*ATPI 

Lactic acid ^ ... =; Pyruvic acid 

(Iset « «(ld d*hydr«Q*no(*) 

There are two chemical transformations dtunng glycolysis which 
involve dehydrogenases These are enzymes, the coenzyme 
portion of which has the ability to remove hydrogen from the 
substrate Once the dehydrogenase has combmed with hydrogen 
it may function as a reduemg agent m giving up its hydrogen The 
removal of hydrogen is equivalent to oxidation The dehydrogenase 
of importance here carries the coenzyme called diphosphopyndine 
nucleotide, abbreviated DPN Associated with different apoenzymes 
this dehydrogenase (DPN) becomes a specific dehydrogenating 
agent, or if in reduced form (DPN H2), a specific reduemg agent 
To illustrate the activity of DPN and DPN Ha refer to the last 
step m the glycolysis process namely the formation of lactic aad 
from pyruvic acid The equation is as follows 
CH 3 CHs 

1 ! 

C=0 + DPN Hs ^ H—C— OH + DPN 

1 1 

COOH COOH 

Pyrvv e odd tactic acid 
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The lactic acid which is produced in the anaerobic phase from 
pyruvic acid must be promptly disposed of A considerable 
amount is resynthesized to glycogen during the recovery period 
following exercise Particularly after strenuous exercismg, lactic 
acid diffuses from the muscle tissues mto the blood, and a small 
amoimt of this is excreted m the urme The larger part is returned 
to the hver where it is converted to glycogen Observe that the 
reactions of glycolysis are reversible, but, in reversing, energy is 
consumed The energy needed for refonmng glycogen from lactic 
aad comes from the oxidation of a portion of the lactic acid 


eeniractile or anaerobic phase 


glycogen ; 


^ hexose 
' phosphate 


^ lactic *1* phosphate 
acid 


CO* -f H20 


recovery or aerobic phase 


Too violent exercise causes such an accumulation of lactic aad 
that oxidation cannot take place rapidly enough to provide the 
energy for disposmg of it An “oxygen debt^' exists, and as a result 
the muscles become so fatigued that they cannot respond to 
stimuh Resting and deep breathmg soon provide extra oxygen 
for repaying the oxygen debt 

The Aercbic Phase; Tricarboxylic Acid Cyeie; 

The lactic aad (or the pyruvic aad from which it is formed), 
which 13 not converted to hver glycogen, is metaboUzed through 
a senes of reactions which produces ultimately carbon dioxide and 
water, with release of considerable energy The mechanism by 
which this IS accomplished is known vanously as the Krebs cycle, 
after the name of the biochemist who proposed it, the citnc acid 
cycle, or the tricarboxylic acid cycle The foUowmg diagram pictures 
this metabohc cycle 
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From 

CH 3 COCOOH 7^ CH 3 CHOHCOOH 

P)rrwic ec>^ laehe ael<l 

I COiJ 

CHaCOOH 
AcoHc odd 


CHaCOOH 

Oxolooeotie acid 


('-2H) 


H-C(OH)COOH 

CHsCOOH 

MoUc add 


CHCOOH 

11 

CHCOOH 

Fuinarlc ccid 


CHaCOOH 0=CC00H 

I (— ?M,— COc> I (— CO,> 

CHa 


CHjCOOH 

Succinfc ecid 


CHjCOOH 

a KctoBMarit add 


* C(OH)COOH 

CH 2 COOH 
Cilrte add 


CHCOOH 

11 

CCOOH 

I 

CHaCOOH 

Acojiticocd 

H-C{OH)COOH 
H— CCOOH 

I 

CHsCOOH 

liocitric acid 

/C-2H) 

0=CC00H 

I 

H— CCOOH 

I 

CH 2 COOH 

Oxoleiuccinic add 


Careful study of this cycle shows that a molecule of acetic acid 
is consumed in each trip around the cycle. As shown, the acetic 
acid which enters the cycle proper originates from pyruvic acid, 
or its reduction product lactic acid. Each chemical change in the 
cycle is controlled by a specific enzyme; with one exception their 
names have not been given. In addition there are five transitions 
which require dehydrogenases, as indicated by -^211. The de- 
hydrogenases accept the hydrogen, as indicated, thus oxidizing the 


Chemicof Changes jn /he Tissues 


511 


substrate Eventually, however, the hydrogen is brought into 
combination with molecular oxygen to form water, and the de 
hydrogenase is reactivated Consequently dehydrogenases may 
be viewed as factors which are “hydrogen earners ” 

The union of oxaloacetic acid with acetic acid at the start of the 
cycle IS catalyzed by coenzyme A This coenzyme bnngs the acetic 
acid mto an active state (acetyl CoA) for condensation with 
oxaloacetic acid to form citnc aod It is of mterest that pantothemc 
acid, one of the B vitamins, is mcorporated m the structure of 
coenzyme A 

The over all effect of the tncarboi^lic acid cycle is summed up 
m the followmg equation 

2 C 3 H 4 O 3 + 5 02 6 CO 2 4 H 2 O + energy 

The energy derived from the oxidations, with the exception of the 
heat IS used to create high energy bonds through the synthesis 
of ATP from ADP It is thought that the aerobic phase of carbo 
hydrate metabolism provides fifteen times as much energy as the 
anaerobic phase 

Smee it expresses the only way in which nutnente can be com 
pletely oxidized, the Krebs cycle can well be considered as a focal 
point in metabolic processes We ^ali find that the intermediary 
metabolism of fats (lipids) and proteins leads to compounds some 
of which are identical with those of the cycle This aids greatly 
m explainmg how the fats carbohydrates, and proteins are in 
some respects interrelated m metabolism 

Conversion of Glucose to Fof 

It IS generally known that eating much candy and sweets causes 
one to “put on weight ” To fatten such farm animals as cattle 
and hogs, corn and other grains that contain carbohydrates are 
used to make up the largest part of their food lei both cases, 
experience and experiment have shown that animals can change 
carbohydrates mto fats and that carbohydrates may be stored as 
fat m the body This abibty of the body to sjmthesize fat from 
carbohydrates is not very simple from a chemical standpomt and 
at present the process is far from clear It is known that a fat is a 
glyceryl ester of a fatty acid Therefore, m order to form body fat, 
both glycerol and fatty aads must be synthesized from the excess 
carbohydrate 

With the facts already stated pertammg to the conversion of 
glucose to glycenc aldehyde, it is not difficult to postulate how 
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glycerol might be formed by the reduction of the aldehyde group 
to the alcohol group 

2H 

CHsOH-CHOH-CHO ^ CH20H-CH0H.CH2OH 

Glyc* le oldchyd* Glycsrol 


However, the mechanism of long chain fatty acid formation is 
somewhat uncertam Smce fatty acids of nutntion always contain 
an even number of carbon atoms, evidence points to the contmued 
condensation or Unking together of two carbon units The acetic 
acid of mtennediary carbohydrate and fatty acid metabolism 
represents such a unit The synthesis of fatty aads may take place 
via acetyl coen 2 yme A, although conclusive evidence is lacking * 


Carbohydrate Tolerance 

We have learned that when carbohydrates are taken mto the 
body a part is oiidi 2 ed immediately to produce energy, while the 
remaining portion is stored as glycogen m bver or muscle tissues, 
or 13 converted into fat This capacity of the body to oxidize or 
store the carbohydrate glucose is called the carhokydraie tolerance 
Ordinarily, following a meal whidi contains carbohydrates, the 
amount of glucose in normal blood rises from about 100 millig rama 
of sugar per 100 ml of blood (0 1 per cent) to approximately 150 
imlligrama (0 16 per cent) during the first hour and usually returns 
to normal by the end of the second hour, because the excess blood 
sugar is either "burnt” (oxidized) or stored as glycogen or fat In 
some cases, the blood sugar may run as high as 180 znilUgrams 
(0 18 per cent), nearly double the usual amount Above this blood 
sugar level, called the threshold point of the kidney, sugar begins 
to pass into the urme, and gives nse to the condition known as 


170 

renal threshold 160 
fl50 
140 


point 
hyperglycemia 


toiinne 


oxidation m the 
tissues formation 
of fat and glycogen 


hypoglycemia 

Blood socar lbvbl (lo miUigrams per ICO ml } 

"^'ExpOTnjents seem to indicate that thiamine {vitsnun Bi) playa ao important role 
n the eyntheais ot fat from carbohydrates 
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olimentary glycosuria It usually requires the consumption of ap 
pronmately a pound of sugar to produce alimentary glycosuria m 
a normal person 'Hus alimentary glycosuria is not pathological 
but rather an expression of excessive carbohydrate mtake 

The abihty to utihze carbohydrates, tiiat is, to oxidize or store 
them, IS m part controlled by insulin, an internal secretion or 
hormone of the pancreas Lackmg insulm, sugar would simply 
accumulate m the body An unquendiable thirst for water arises 
m order to carry this excess sugar from the body Hunger develops, 
the body steadily loses weight, and there is a lack of muscular 
energy The inabihty of the body to secrete an adequate amount 
of i p«?Mhn js manifested by a decrease in the carbohydrate tolerance 
When the blood sugar is above normal, a condition known as 
hyperglycemia, sugar is usually excreted mto the unne When 
hyperglycemia and glycosuria occur after a normal diet the patient 
very likely has a disease called diabetes mellitus, and blood sugar 
values may be as high as 1 2 per cent In such a condition the 
vitahty of the patient is low because of the mabihty to store or 
bum glucose In chrome diabetes the renal threshold for sugar 
excretion may be elevated and glycosuna may be absent Con 
sequently more reliance should be placed on an analysis of sugar 
in the blood rather than on the presence of glucose in the unne 
It sometimes happens that the patient’s threshold point is lowered 
and glycosuna occurs even when the blood sugar is normal Such 
a condition of a low sugar threshold is called renal diabetes An 
overdose of insulm commonly brings on the dangerous condition 
of hypoglycemia (low sugar), often accompanied by convulsions 
This may be reheved promptly by the administration of sugar 
In certam pathological conditions (diabetes, hyperthyroidism, 
nephntis) the detennmation of the carbohydrate tolerance has 
been of the greatest importance in establishing the diagnosis 
The procedure is as follows A blood sample is obtamed from the 
patient after a 14 hour fast, 50 to 100 Gm of glucose are consumed, 
blood samples are taken at subsequent mtervals of 15 to 30 mmutes 
over a period of two or three hours, and the blood samples are aU 
analyzed for sugar The percentage of blood sugar and the time 
are plotted as m the diagram on page 514 
The maximum height of the curve and the time required to re- 
turn to normal levels when compared to healthy patients’ response 
shows the seventy of the disease In a normal curve the mpnmnm 
sugar concentration is highest near the end of the first hour but it 
returns to normal m about two hours A diabetic curve, however. 
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shows both a greater rise and slower fall. The shape of the curve, 
drawn by plotting sugar percentages against the time after in- 
gestion of glucose, is of great diagnostic value, especially for the 
detection of early stages of diabetes; but in using the assimilation 
curve, it is well to keep in nnnd that its shape may be altered by 
such various factors as sugar absorption from the intestines, sugar 
retention by the liver, and sugar consumption by the tissues. This 
is particularly significant afta* prolonged starvation (24 hours or 
more). The change of glucose into glycogen by the liver is largely 
dependent upon a group of enzymes, presumably elaborated by 
the liver cells. Some of the glycogen comes from the absorbed 
sugar, as has been stated, and some is produced from the glycerol 
fraction of fats and some from protein. Thus there is always some 
glycogen in the liver. 


DETERMINING CARBOHYDRATE TOLERANCE CURVES 



The consumption of sugar by the tissues has already been ex- 
plained. It should be remembered that diabetes mellitus is due 
primarily to a loss of power on the part of the tissues to utilize 
sugar. The normal functiom'ng of carbohydrate metabolism in the 
muscles and other tissues fa an important factor in maintaining a 
healthful body. 

Before leaving this discussion we should understand that there 
are several forms of temporary glycosuria. One condition, alimen- 
tary glycosuria following the ingestion of excessive carbohydrate 
intake, has been mentioned. Another form, stemming from mental 
strain or great agitation, fa called emotional glycosuria, and im- 






C/temico/ Changes in fhe Tissues 


515 


doubtedly is caused by the production of excessive epinephrine, 
which IS always secreted under emotional excitement It la at 
such tunes that the muscles need an increased fuel supply 

SELF-TESTING QUESTIONS 

9 What two changes take place when blood passes through the hver? 

10 How do you account for a decrease of the glycogen content of the hver*^ 

11 What changes are heheved to occur during the oxidation of glucose‘s 

12 What happens to the lactic acid formed during glucose oxidation^ 

13 What causes muscle contraction‘s 

14 To form body fat from glucose what two classes of intermediate sub 

stances must be formed^ 

15 What IS meant by carbohydrate tolerance and threshold point ? 

16 What factors may alter the shape of an assimilation curve'’ 

17 How would you interpret the aasimilation curve for sugar"’ 

18 What controls the secretion of blood sugar by the hver'’ 

IV. METABOUSM OF FATS 

Functions of Fats 

In the course of digestion of fats, the glycerol and fatty acids 
formed are absorbed by the epithelial cells of the vilh and are re 
combmed in their passage through the intestinal wall to form 
neutral fats, which are absorbed by the lymphatic vessels These 
are drained by the thoracic duct which empties mto the venous 
system at the junction of the left jugular and subclavian veins 
In the form of an emulsion, the neutral fats are earned to the cells 
where they may be (a) oxidized immediately to furnish energy, 
(6) stored m the tissues as a reserve fuel, and (c) transformed mto 
bpids, fathke substances that form an essential part of every cell 
and which are not depleted even dunng exhaustive starvation 
Formerly, the cell membrane was thought to be entirely composed 
of proteins, but it is now known that fats m combmation with 
proteins (bpoprotems) form very complex substances These are 
believed to be an integral and essential part of cell membranes of 
cellular protoplasm, and of the centred nervous system In this 
sense fats as well as proteins are tissue builders 

Two very well known hpids are lecithin and cholesterol Lecithin, 
one of the phosphohpids, apparenUy is an intermediate compound 
formed in the metabobsm of fat Cholesterol is a sohd alcohol of 
high molecular weight and belongs to a group of derived hpids called 
sterols It, hke leathm, is connected with fat metabolism m some 
as yet une^lamed manner In some instances it has a chmeal sig 
nificance An excess of cholesterol in the blood is suggestive of gall 
stones, diabetes, pregnancy, and certain renal disorders, espeaally 
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nephrosis In the skin, cholesterol is associated with ergosterol, 
which upon exposure to sxmhght or other sources of ultraviolet rays 
IS converted into the antirachitic factor, vitamin D Food products 
may also be irradiated because they contain ergosterol 

Oxidation of Fats 

Although much is yet to be learned about tiie lipids m cellular 
structures, we do have considerable information concemmg the 
oxidation of fat m the production of energy Fats must first be 
spht into glycerol and fatty acids before oxidation may take place 
The sphttmg is a hydrolytic action probably performed by tissue 
lipases A glance at the formulas (CH 2 OH CHOH CH 2 OH) shows 
that glycerol, hke glucose (CH 2 OH (CH0H)4 CHO), has repre- 
sentative alcohol groupings Therefore, the glyceryl fraction 
of fats acts in a manner similar to glucose, and, upon oxidation 
produces glycenc aldehyde which is one of the intermediate 
products m the glycolytic phase of glucose metabolism (p 608) 
Smce glycerol accounts for about 10 per cent of the weight of fat 

can be said that this amount of the total fat which is metabolized 
for energy follows the carbohydrate route of metabolism Such 
data are important m dietary studies 

The fatty aads which are released from fats by hydrolysis are 
oxidized m stages givmg ultimately, in a normal metabolism, 
carbon dioxide and water as material products The most widely 
accepted views as to how this takes place are based on Knoop's 
theory of beta {fi) oxidation Here it is supposed that the oxidation 
first sets in at the beta carbon of the fatty acid chain As learned 
previously, the beta carbon is the second one after the carboxyl 
carbon Using steanc acid for illustrative purposes the following 
formulas depict the course of the oxidation 
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The net result of this sequence of reactions is to produce a 
molecule of acetic acid and one of palmitic acid, the latter havmg 
two less carbon atoms in its chain than the ongmal steanc aad 
By a repetition of these reactions palmitic aad will split off a two 
carbon atom fragment, as acetic acid, and give CH3(CH2)j2C00H 
This aad can then give nse to CH3(CH2)ioCOOH and so on until 
all mtermediates have been oxidized to acetic aad Coenzyme A 
plays an essential part m these ondative changes, and actually the 
acetic aad molecules which are produced api>ear m activated form 
as acetyl coeozyme A Recall ^at acetyl coenzyme A enters the 
tncarboxyhc acid cycle to be oxidized to carbon dioxide and water, 
with release of energy 

Notice that the formation of a^tic aad, a two carbon atom 
molecule, as the end product of fatty aad degradation, requires that 
the ongiaal fatty aad have an even number of carbon atoms m its 
cham It is mterestmg to note that this is actually the nature of 
those fatty aads, which, in the form of glycendes, comprise our 
natural fats and oils, odd numbered carbon chains are not found 

In Knoop’s proposal the oxidation follows the usual course, 
namely secondary alcohol to ketone, followed by spbtting to 
form aads 

Other mechanisms of fatty aad oxidation have been proposed, 
one of these bemg the multiple alternate oxidation theory Accordmg 
to ihts scheme, axidstam at £stty actd ocutirs’ samsltaaeecidy cm 
the beta carbon, and on every alternate carbon from this point 
throughout the length of the cbam, to give an aad with multiple 
ketone groups Hydrolysis, with sphttmg, then takes place at the 
points of oxidation 

Incomplete Fat Metabolism* 

The compounds 0 bydro^butync aad, acetoacetic aad, and 
acetone are formed m abnormal amounts when fats fail to metab 
obze properly To understand how these <x>mpounds are produced, 
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recall that in Knoop’s theory of beta oxidation the carbon atoms 
are removed two at a time as acetic acid from the original fatty 
and Inasmuch as the fatty acids derived from natural foods have 
an even number of carbon atoms there will be produced ultimately 
durmg the oxidation a four carbon atom acid, normal butyric aad 
Kormally this would oxidize and break down as follows 
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In faulty fat metabolism, however, ^ hydroxybutync acid, 
acetoacetic acid, and acetone (the latter formed from acetoacetic 
acid upon loss of carbon dioxide) accumulate m the tissues and 
blood These three compounds are related as follows 
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Collectively they are known as the "acid bodies" although only two 
of them are actually acids Their formation reduces the alkalinity 
of the blood and tissues and m severe cases the resulting acidosis 
may lead to coma and even death 

Faulty fat metabolism is associated with an mabihty to properly 
metabolize carbohydrates In eevCTe diabetes, when glucose is not 
properly stored and oxidized, a form of aadosis commonly called 
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ketosis (formation of acid bodies) occurs In fact, the serious aspects 
of diabetes melhtus m the advanced stages can be attributed to the 
accumulation of aad bodies The statement that “fats bum in the 
flame of carbohydrates” colorfully sums up the dependency of 
proper fat metabolism on a normal carbohydrate metabolism 
Apparently an incomplete metabolism of glucose gives insufficient 
mtermediates for the operation of the tncarboxyhc acid cycle 
Acetic aad cannot be disposed of by the cycle, and therefore the 
breakdown of fatty aads stops with the formation of four carbon 
atom products It is possible that some of the acetic aad which is 
produced before the four carbon atom stage is reached is used up m 
synthesis of acid bodies, inasmuch as its normal metabolism is 
blocked Aad bodies also appear during prolonged starvation Here 
the carbohydrate reserve of the body has been depleted, and energy 
IS reahzed largely through the extensive catabolism of fatty tissue 

Ketosis and Antiketosis 

The fatty aads, and those ammo acids which can metabohze to 
give “aad bodies,” are called ketogemc foods (keto= ketosis, 
gemc* formation) Foods such as glucose, glycogen, glycerol, and 
those ammo aads which metabohze as do the carbohydrates, are 
the antiketogenic foods, these favor normal oxidation of the fatty 
aad fragments, thereby preventmg ketosis When ketosis is due 
to starvation it is reheved by mcreasing the carbohydrate diet In 
diabetes, ketosis is controlled by correcting the carbohydrate metab 
ohsm, often by the use of insulin 
About 58 per cent of the protem food provides ammo acids which 
can be metabohzed like carbohydrate Also, 10 per cent of the fat 
eaten (glyceryl fraction) metabolizes like glucose Therefore, m 
calculatmg the available carbohydrate m any diet, one always sets 
the total carbohydrate as equal to (1) 100 per cent of the dietary 
carbohydrate plus (2) 58 per cent of the dietary protem plus (3) 10 
per ceiA tA fee flnefery iat Idfiows feen feat a diabetic diet 
should mclude (a) no more food than is needed for normal energy 
requirements, (b) as httle protem as is required to maintain the 
mtrogenous eqmhbnum, a condition during which mtrogen excreted 
equals the amount taken m by_food, and (c) the correct proportion 
of glucose to fat 

SELF-TESTING QUESTIONS 

19 What three things may happen to emulsified fats on reachmg the cells'^ 

20 What IS the clinical significance of an excess of cholesterol? 

21 In what way is cholesterol important^ 

22 What probably happens to gly«rol on oxidation‘s 
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23. What are the proiucta of faully tat metabolism? 

24. What is ketosis? 

25. What is an antiketogenic substance? Name one. 

26. How may ketosis be relieved? 

27. How may it be prevented? 

28. What are the dangers of fasting? 

29. What causes obesity? 

V. METABOLISM OF PROTEINS 
Fanciton of Amino Acids: 

In the course of the digestion of proteins, the amino acids formed 
are absorbed through the intestinal wall, passing unchanged into 
the blood of the portal vein, and via the liver enter the general cir- 
culation for distribution to the various tissues of the body. In this 
circulation, each tissue has the power of selecting the number and 
kind of amino acids required by that particiUar tissue. It has been 
found that there are at least eight amino adds which are essential 



Fig, 4 — Amino adds, the structurol of piotemt, ThI* picture thews some of th« 

scl«ntisti who have synthesized front cool and other noterlols the amino adds 
that must be included In our diet. How many of these adds are essential In the diet? 
Courfsry, Dow Chemkol Co, 
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m the diet to maintain the growth and repair of the tissues These 
are called “essential” because they cannot be synthesized m the 
body from other ammo acids Common food substances like eggs, 
milk, and meat contain a sufficient supply of these ammo acids, but 
some cereal proteins are low in lysme and tryptophan, two of the 
so-called essential ammo acids Zem, for mstance, a protem from 
com, contains no tryptophan or lysine Even gelatm lacks trypto 
phan and tyrosme, and if either of these two proteins were the sole 
source of protem m an otherwise adequate diet, the animal would 
die as certamly as if he were receivmg no protem at all 
The absorbed ammo acids are available to provide for growth or 
repair of the protem structure of the cells, those which are not used 
for this purpose imdergo deamination, a process involving the 
sphttmg off of the mtrogen containmg ammo group (NHj) to form 
ammonia, while the rest of the molecule, contammg only carbon, 
hydrogen, and oxygen, is either oxidized directly to furnish energy 
or if sufficient quantities are present, may be converted mto glucose 
and fat 


Oxidative Deaminafion* 


In decided contrast to carbohydrates and fats, proteins cannot be 
stored as protem m the body except in very small amoimts This 
means that any excess of ammo acids not required m tissue con 
struction must be used as fuel or stored as glycogen or fat 
Amino acids formed by the decomposition of the protem mole 
cules apparently are subjected to oxidative deamination reactions, 
pnnapally m the liver and kidney Oxidation takes place at the 
alpha carbon to form the corresponding imino acid This acid 
probably forms an unstable hydrate, which decomposes to yield a 
ketomc aad and ammonia as illustrated m the foHowmg equation 
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Ammoma spht off m the deammation of an ammo acid and the 
carbonic aad of the tissues, by means of a cychc reaction m the 
liver, unite to form urea, as will be explained later 
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Transamination* 

In addition to oxidative deamination, ammo acids may also free 
themselves of amine groups by transamination This requires 
the presence of an alpha keto acid, to which the amine group 


IS transferred 
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Notice that transamination results m an interchanging of struc 
tures In the example given, aspartic acid transfers its armno group 
to pyruvic acid thus becoming oxaloacetic aad, and producmg a 
new ammo acid, alanme Inasmuch as pyruvic acid, an intermediate 
in carbohydrate metabolism, and aspartic acid, an ammo acid m the 
composition of many proteins, react m this manner, the product 
alanine is not an ^'essential amino acid” m the diet Body require 
ments for alanme can be met, if necessary, by its formation m the 
body via transamination 

Reactions of transimnation make it possible for the body to 
synthesize certain needed amino acids from others, providmg the 
necessary keto acids are available Also, as this discussion has 
impbed, transamination definitely links the metabolism of proteins 
with that of the carbohydrates Transamination, and oxidative 
deammation as well, produce a number of compounds which are 
also found m the tricarboxylic acid cycle 

Urea Formation 

The ammonia which is produced m the deammation of ammo 
acids is disposed of largely through conversion into urea, a process 
which can be summarized as follows 

NH2 
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The synthesis of urea from ammonia and carbon dioxide takes 
place in the liver. Actually it is a far more complex process than it 
appears to be as expressed in the equation 

Investigators believe that three amino acids are involved in the 
process: orni thin e, citruUine, and arginine. The reactions which 
make use of these amino acids for the production of urea are indi- 
cated by the following equations: 


COOH 

i 

COOH 

1 

\ H— r— WH.. 

l^“\«^~nn2 T «*«2 “ renj ' 

1 

CHs 

1 

1 

CH 2 

1 

CHs 

1 

j 

CH 2 

1 

1 

CHs 

1 

CHs 

1 

NHs 

j 

NHCONHs 

Ornilhme 

CItrulline 


HsO 


COOH 

COOH 

-C— NHs + NH3 — 

j 

^ H— C— NHi 

CHs 

1 

j 

CHs 

1 

CHs 

1 

CH2 

j 

CHs 

1 

CHs 

j 

NHCONH2 

1 ^ 

NH— C^ 

CJiruHme 

Arginine 


HiO 


COOH 

I 

( 3 ) H— C— NHz + 


CH2 

I 

CH2 


•C 

\ 


Arotnin# NH2 


COOH 

Argmase [ 

H2O > H— C— NH2 

1 

CHs 

I 

CH2 

i 

CHs 

1 

NH2 

Ornithine 


NH2 

/ 

+ c=o 

\ 

NHs 

Urea 


524 


Biochemitf/y 


This sequence of changes, which indirectly converts ammonia 
mto urea, is called the omiikine c>c/e, smce it begins and terminates 
with ornithine After its formation in the hver the urea is earned 
by the blood to the kidneys and then excreted via the unne About 
80 per cent of protein nitrogen excreted from the body is in the form 
of urea This amounts to up to 30 grams of urea for an adult over a 
24 hour peroid 

The digestion and metabolism of those proteins which contain 
sulfur and phosphorus lead to the production of inorganic acids of 
these two nonmetals Some of the ammoma produced in the 
deamination of the ammo aads neutrahzes such inorganic acids by 
convertmg them mto ammoraum salts These are then excreted by 
way of the unne 

Nitrogen Balance* 

Since protem cannot be stored and must be oxidized to 3aeld 
nitrogenous waste products, it follows that m certain cases of 
impaired kidney function low protem diets appear to be mdicated 
However, if the diet is too low in protein and the loss of protem by 
damaged kidneys is great, or if the protein eaten does not contain 
the essentia] ammo acids, a negative nitrogen balance results, i e , 
more nitrogen is excreted than is present m the food consumed 
This may prove more detrimental than the accumulation of mtrog 
enous wastes in the blood, and the problem must be left to the 
physician A positive balance exists when the amount of mtrogen 
in the consumed protein is greater than that in the excretion, e g , 
in growing children Ordinarily for anormal adult the total nitrogen 
m the food eaten ;)ust equals that excreted into the unne, feces, and 
perspiration, and a state of nitrogen equilibnum exists 

Before leaving this subject, attention should be called to the 
effect of a low carbohydrate diet In fastmg, or when an mdividual 
eats less to lose weight, the normal supply of carbohydrate may be 
greatly diminished with the result that the supply of glycogen is 
soon used up Consequently, at such times most of the energy 
comes from body fat, and the acetone bodies appear 

Usually, obesity is the r^ult of overeatmg or lack of sufficient 
exercise There may also be a hereditary factor It is common 
knowledge that many thm people eat well and do not take on fat, 
whereas fat people take on weight The thm people probably 
exercise more, eat less high calone food, and dnnk less water than 
do fat people It is an overlooked fact that unless an mdividual has 
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been on a diet for a long time water replaces fat in his tissues. It 
has been established chnically that faulty functioning of the endo- 
crine glands may be associated with obesity. 

The following chart s umman ds some of the normal metabohc 
changes of carbohydrates, fats, and proteins. 


SUMMARY OF NORMAL METABOLIC FOOD CHANGES 
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SEIF-TESTING QUESTIONS 

30 What foods have a suf&oent supply of the eight essential amino acids 

roquirecf in a cfietf 

31 What happens to ammo acids la absorption‘s 

32 What 13 the meanmg of deammahon? 

33 What 13 transamination^ 

34 Explain what happens in the formation of urea from ammonia 

35 Where is urea reconverted to ammonia m the body and why’ 

36 What salts are hkely to occur m urine’ 

37 How IS the total available carbohydrate, from a mixed diet (t e , con 

taming fat, carbohydrate and protem) calculated, and when is such 
a calculation of practical valae? 
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VI. METABOLISM OF INORGANIC SALTS 
Classification of inorganic (Ash) Elements 

We have been studying Uie metabolism of foods that supply 
energy and build tissue In addition to these body requirements, 
there is a need of other materials that will help regulate body proc 
esses and make possible normal metabolism These are the mor 
game or mineral constituents of food substances By morgamc 
substance is meant the morgamc salts (NaCl, CaOTOj, etc ) 
which enter and leave the body as sudi, as well as other mineral 
constituents such as the iron in hemoglobin, and the phosphorus 
and sulfur m protein, which are in combined form with orgamc 
matter and which upon oxidation are eliminated as morgamc salts 
The morgamc substances with which we are primarily concerned 
include the elements Na, K, Ca, Mg, Fe, enstmg mostly as chio 


H Fiq S— OtfeomQlae a Dspiefion of mn 
erab cauies Iho long bonei to beeoma soft 
flex ble end bodJ/ deformed Besides o 
colciuni and pbosphorus deficieney what 
other factors may be operating to produce 
osleomalac o? 


tides, phosphates, bicarbonates, and m a lesser amount as iodides 
and sulfates 

Zt £5 o^fvaivsst io' iho asife Jwvdj' .2? ss 

acid group (S, P, Cl) and an alAali group (Na, K, Ca, Mg) A third 
group, consistmg of iron and iodine, is best considered in a separate 
category as two elements that are found chemically combined in 
important orgamc substances sudi as hemoglobm and thyroxme A 
fourth group includes the so called trace elements (F, Cu, Mn Co, 
Ni, Al, Si, Bi, etc ), whose functions are not completely understood 
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Each inorganic element m the first three groups is needed for 
growth Experiments have shown that rata do not grow, and eventu* 
ally die, if the sodium or the potassium is markedly reduced in their 
diets Lack of sufficient calcium and phosphorus also inhibits 
growth and may produce nckets and osteoporosis of the long bones 
(Fig 5) A defiaency of chlonne and magnesium also impairs 
health In respect to the “trace elements” it is difficult to say 
whether the prraence of some of them in the body is madental or 
essential, although recent experiments have suggested a role for 
both copper and manganese It is also interestmg to note that, as 
later explamed, all of the mineral elements may be utihzed if in 
the form of simple morgamc salts with the exception of sulfur 
Available evidence mdicates that the body can utihze only the 
sulfur of the ammo acids, cystme and methionme Of all of these 
elements, the ones that are most apt to be deficient m the human 
diet are calaum, phosphorus, iron and lodme, and because of 
their known importance in nutrition, special attention is given 
them as the separate elements are described 

General Functions of Inorganic Salts 

With the exception of the phosphates of calcium and magnesium, 
all of the inorganic salts are soluble m water and consequently 
usually occur as ions m the body’s fluids wherem they perform 
spead functions Even though the morgamc salts are almost en 
tirely unoxidizable, or are in the oxidized form, and do not furnish 
heat or energy, nevertheless their importance to life and health 
may be appreciated as one considers their chief physiological uses 
The general functions of the morgamc salts, bnefly stated and later 
explained m more detail, are these 

1 They contribute to the budding and repair of tissues 

2 They influence the contraction of muscles and imtabihty of 

nerves 

3 They help to mamtam proper osmotic conditions 

4 They are largely responsible for the aadity and alkalmity of 

digestive jmces 

5 They are important factors m the cheimcal reactions of the 

body 

Ikorganic Salts Build and Repair Tissues The followmg 
table shows that carbohydrates, fats, and proteins furnish approxi- 
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mately 96 per cent of the elements required m human nutntion, 
and that the remainder must be suppli^ to the body as morgamc 
salts, or as organic salts containing some of these elements 


COMPOSITION OF HUMAN BODY 



Approximate Percentage 


Oxygaa 

65% 

Mostly found in carbohydrates 

Carbon 

18% 

fats and proteins 

Hydrogen 

10% 


Nitrogen 

3% 


Calcium 

15% 


Phospborua 

10% 


Potassium 

0 35% 


Sulfur 

0 25% 

Mostly found in mineral salts 

Sodium 

Chlonne 

015% 

015% 


Magnesium 

0 05% 


Iron 

0 004% 


Iodine 

0 00004% 


[Si and other elements IS traces 


Practically all of the elements required for nutrition are found 
in sufficient quantities in the average well balanced diet This in 
eludes sodium chloride, which is added as seasomng, largely be 
cause many foods— especially vegetables — are made more palata 
ble by its use A good diet includes milk, fruits, vegetables, protean 
food such as eggs, fish, meat, and cereal products made from whole 
grams In penods of growth, during convalescence, and in preg 
nancy, particular attention must be given to the mineral con 
stituente of foods, for it is well known that mmerals are needed 
to build tissues and the bony staucture of the body During normal 
adult life, there is less need for minerals, but we ahouJd not forget 
that the body is constantly undergomg change, that nutrients are 
being used up for repair, and that products are being eliminated 
from the body as aalta in the unne, perspiration, and feces. Con 
sequently, mineral elements roust be supphed to maintain normal 
metabolism However, a proper diet, espeaally one that is vaned 
suBamtiy, contams ^ the minerals required to maintain good 
health 
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Calcium This element, in the form of calcium phosphate, makes 
up the larger part of the mmeral matter of the bones and teeth. 
An inadequate supply of calcium (and phosphorus) m the diet of 
growing children results in poor skeletal development (osteoid 
tissue) Any prolonged deficiency of calcium in children results in 
nckets, a disease which is assoaated with growth, and is character 
ized by such types of bone deformity, as bow legs, knock knees, 
enlarged ]omts, beadmg of the nbs, pigeon breast, deformed skull 
and pelvis However, calcium deficiency is not the sole cause of 
nckets An adequate supply of phosphorus and vitamin D is es 
sential Growmg children require twice as much calcium as that 
needed by an adult, because of the rapid growth of the skeleton 

In pregnancy a contmued deficiency may mduce softemng of 
the teeth and bones (osteomalacia), but again, calcium deficiency 
is not the only cause During pregnancy and nursmg, the calcium 
requirements are three tunes the normM requirement of an adult 
At such tunes, a generous supply of milk and leafy vegetables in 
the diet provides the needed <^cium and vitamins This defiaency 
may also be met by certam inorgamc salts of calcium as well as 
the organic forms of calcium, but adequate vitamins are equally 
important 

The functions of calaum m producing depression of muscular ir* 
ntability, mcreasmg blood pressure, mcreasmg rate of respuation, 
in mamtauung the proper rhythm of the heart, m forming insoluble 
calcium paracaseinate (milk clot) from casern, m clotting the blood 
(p 447), and m contracting the cardiac muscle (p 191) have already 
been discussed Much has yet to be learned about the role of 
calcium m metabohsm Milk and cheese are the best sources of 
calcium for normal requirements 

Phosphorus This element is so closely related to calcium metab 
ohsm that they are usually considered together Phosphorus, like 
calcium, IS assoaated with done growth and the (hseases, such as 
osteomalaaa, resultmg from its deficiency It is an essential com 
ponent of every cell m orgamc form as m the phosphohpids and 
nucleoprotems In the blood, one form of organic phosphorus is 
associated with the fat content Lean meats and grams are nch 
in phosphorus, but unfortunately three fourths of the phosphorus 
IS lost in processmg flour Besides being a limitmg factor m the 
development of bone and growth, a phosphorus compound is es 
sential in the clotting of blood Inorganic phosphates are useful 
as buffer salts for mamtauung the aad base balance m the blood, 
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urine, and probably in the cells A condition known as osteophagia 
IS due to phosphorus deficiency and is readily cured by the addition 
of any form of phosphorus to the diet 

Jlfc^nesium This element, like calcium, occurs largely in the 
bones, and plays a role m muscular contradion Very httle is 
definitely known concerning its apeafic fimctions Pharmaco 
logically, it IS known that magnesium salts depress motor and 
sensory activity, that oral administration causes catharsis, diuresis, 
and acidosis, and that aniTnatfl kept on a magnesium free diet de 
veloped severe muscular weakness and died, usually after a senes 
of tome dome convulsions 

Sodium and Potassium These elements are dosely related in 
their properties and are usually considered together Both play an 
important role in the growth and repair of tissue Experiments 
have shown that growth is not maten^y affected on a low sodium 
potassium diet, but m the absence of potassium, growth ceases 
Accordmg to some authonties the potassium that occurs abun 
dantly in all vegetables tends to modify or mcrease the elunmation 
of sodium Low blood potassium has been reported m diromc 
nephritis and dunng the post acidotic states of diabetic coma For 
other uses of some of these elements m the body refer to page 188 

Iron Although makmg up only 0 004 per cent of the body, iron 
is one of the most important elements m nutrition, for it is a con 
stituent of the hemoglobin of the red corpusdes which cames oxygen 
to the cells Iron ss a constituent of intracellular pigments, col 
lectively called cytochrome, also acts as a catalyst m certam tissue 
reactions Hemoglobin functions as an important buffer of the 
blood, m addition to its prune function of carrying oxygen A de 
ficiency of iron produces an anenuc condition, such as occurs m 
chlorosis m women Iron is abxmdant m green vegetables and m 
meat The chemistry of the relation of diet to regeneration of 
blood m anemia is not yet thoroughly understood Some beneficial 
results m producing hemoglobm have been obtained by feeding 
organs nch m iron such as bver and heart 

According to some authorities, the iron stored m the human hver 
and that needed for hemoglobin formation is more readily utilized 
m the presence of small amounts of copper Experimental evidence 
furnished from a study on rats showed that small amounts of 
copper stimulated the utilization of iron for hemoglobm formation 
Furthermore, with a complete absence of copper the iron was 
meffective m curmg the anemia 
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Iodine As a constituent of thyroxine, the active principle (hor 
mone) of the thyroid gland, iodine is of great importance m main- 
taining a normal rate of metabolism lodme is found m nutritional 
amounts m vegetables, especially those growing near seacoast dis 
tncts, and m seafoods, particularly m the hver of fish (hahbut, cod) 
When there is a deficiency of lodme, an enlargement of the th5TOid 
gland develops which is known as simple goiter The use of salt 
containing sodium iodide has met with considerable success in the 
treatment of many cases of simple goiter, especially during ado 
lescence 

When there is an overproduction of thyroxm, as m exophthalmic 
goiter, the use of iodides is contramdicated This disease is marked 
by a high basal metabolic rate However, iodine does lower the 
basal metabolic rate for a time and may be safely used (only by 
the physician) m preparmg patients for operation (extirpation of 
part of the thyroid gland) 

' Trace” Elements The remaming mineral constituents (F, 
Cu, Mn Zn Co Ni, A1 Si etc ) or so called trace elements, may 
be grouped together They are usually found m small amounts, 
and have very httle effect on the acid base balance of the body 
Their functions are still largely unknown 

Copper As has already been stated, copper is said to favor the 
conversion of inorganic iron stored m the hver into hemoglobin Only 
a trace of it is necessary for this purpose Copper has been found 
in all tissues, and is particularly abundant m hver 

Manganese This element is widely distnbuted, and traces of it 
are claimed to be needed for normal growth and reproduction 
Fluorine This element occurs m some natural waters as fluorides 
When it IS present m water m excess of IJ^ parts per miUion, it 
causes a mottlmg of the skin (brown stamed spots) and irregular 
formation of the teeth of children who dnnk the water during the 
period of tooth formation These dental defects persist throughout 
life It has been observed that fluonde in drmkmg water also has 
a tendency to decrease the mcidence of dental canes Experiments 
have indicated that water which contains about one part per 
million of fluonde does not produce mottlmg but does have the 
desirable effect of decreasmg dental decay 

Zinc Aluminum These and several other trace elements are 
found in the body, but their role in metabolism and growth is still 
somewhat obscure 
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Control of the Contraction of Muscles and the Irritability of 
Nerves* 

The large muscle of a frog’s leg with the sciatic nerve attached 
has the power of contracting for some time after bemg removed 
from the body, providing that the nerve is excited by some appro 
pnate stimulus such as the electric current Durmg the intervals 
of stimulation the muscle shortens and thickens, then relaxes, the 
entire process taking place in a fraction of a second The response 
to the stimulus soon becomes more feeble, and m a short time the 
musde will cease to contract However, if the muscle nerve prepa 
ration is immersed m Ringer’s physiological saline solution (a solu 
tion containing the same percentage of sodium chloride and salts 
of calcium and potassium as occurs in the blood) the muscle will 
undergo a senes of contractions for a longer penod of time It has 
also been shown that any change in the relative proportions of 
these salts causes a correapondmg change m the response of the 
nerve and the muscle to stunulation Furthermore, expenmenta 
tion has shown that calaum salts produce contraction and that 
sodium and potassium salts cause relaxation lo a similar way in 
the body the metallic ions Ca+*, Na+ and K+ of the blood play 
a role in nervous and muscular activities As a further contribu 
tion to these experiments. Ringer found that heart muscle, after 
removal from the body, could not only be kept beating for hours 
m this prepared salt solution, but that minute changes m concen 
tration of the Ca"*^ and K* may affect the activity of the heart 
In other words, it is now definitely established that the contraction 
of muscles and the imiability of nerves are influenced by the concen- 
tration of the Na'*', and if* tons, and by their relative proportion 

As an example of what may happen when the balance between the 
ions 13 abnormal, we may take the case of tetany, a disease cha r 
actenzed by twitchmg or muscular contractions An exammation 
of blood m such a patient shows low calaum concentration m pro 
portion to the other ions present, a condition which may be re 
Ueved by mtravenous mjection of calaum salts, or the assimilation 
Af /orids Irydi on calcmny as milk The parath^iTOid glands pla,v an 
important role m calaum metabolism 

Maintenance of Osmotic Pressure 

It will be remembered (p 101) that osmotic pressure is the force 
exerted by molecules or ions in solution Osmotic pressure m the 
living body is manifested through membranes separatmg tissues 
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and cells, and water always tends to pass toward the more con 
centrated solution Since osmosis is the result of the dissolved 
particles, the greater the number of dissolved particles the greater 
will be the osmotic pressure 

If the concentration of s€ilts in the tissues is greater than in the 
lymph which bathes them, water tends to pass mto the tissues, 
while if the concentration m the cells is less, water passes out of the 
tissues The capillary endothelium acts as the membrane Within 
a short space of time these differences in osmotic pressure are 
equalized not merely because of the passage of the water molecules, 
but also because of the passage of some of the salt ions. It is m 
this way that nutrients are earned in solution from one tissue to 
another 

The colloidal matenal of the cells contnbutes to the osmotic pres 
sure, but the pressure hrom the colloidal particles is much less, ow 
mg to the relatively small number of wiUoidal particles as compared 
to the salt ions Other factors may also contnbute to osmotic pres 
sure The concentration of water molecules in tissues is determined 
by the attraction of the water molecules for the dissolved mole 
cules, although m reahty this is merely due to a constant tendency 
to attam osmotic equilibrium 

Role in Acidify and Aikaiinily of Digestive Juices: 

In the study of digestion we learned that enzymes are very sen 
sitive to the medium m which they are contained, some functiomng 
best in a weak acid solution (pepsin in gastric juice), some best in 
a dilute al kalin e solution (bpase m pancreatic jmee), and some 
best m neutral solutions (ptyalm in saliva) In all cases, the slight 
est vanahon from normal conditions tends to inhibit the action of 
these enzymes The aad m the gastric jmee is hydrochloric acid 
In the mtestme the alkali is chiefly sodium bicarbonate Hie 
blood IS shghtly alfcalme and the unne is frequently acid 

Preservation of Normal Chemtcal Reactions: 

As just stated, any variation m aadity, alkalinity, or neutrahty 
affects certain enzyme reactions Such a variation may also affect 
every cell and organ m the body Aads are constantly bemg 
formed as a result of normal metabolism of body tissue and food 
Thus from proteins alone we may have carbomc acid formed from 
carbon, sulfrinc acid from sulfur, and phosphonc aad from pbos 
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phorus TTie carbonic acid, being very unstable, decomposes readily 
and may be elimmated as carbon dioxide through the lungs The 
sulfunc and phosphoric acids, bemg stable anfl strong acids, would 
soon injure the cells, but they always exist as salts 

One protective device against too much acid or al kah m the 
blood 13 the presence of the buffer salts (includmg proteins) as 
explained on pages 185 to 287 

Part of the proteins through deamination form ammoma, which 
also assists m neutralizmg acids The ammomum salts of these 
acids are then excreted m the unne 

SELF-TESTING QUESTIONS 

3S How are the ash elemeofcs classi£ad7 

39 What elements are moat likely to be deficient in common foods'^ 

40 State five functions of inorganic salts 

41 What foods m particular should be mcluded in a sensible diet? 

are tte AmcOons ef Ch P, Afg iVa 

43 What unportance is attached to the presence of copper? 

44 What happens when there is a deficiency ot or an oversupply of, 

iodine in the body? 

45 What common foods contain iron? 

46 How can iron in the liver be more readily available? 

47 What la Ringer s solution? 

48 How does Ca^* on the one band and Na*^ and on the other affect 

muscles? 

49 What factors infiuence contraction of musclea a^d irritability of nervea? 

50 What are the sources of the ions necessary for acid op basic solutions in 

the body? 

51 What aads are formed m normal metabolism? 

62 What happens to them? 

53 What protective devices prevent too much acid from accumulatmg in 

the body? 

Vir. METABOLISM Of WATER 
Adaptation of Life to Water. 

Life, originating as a single cell ui water, first had to develop a 
mechanism to separate it from its all pervading medium and prevent 
its dispersion in that medium This mecbanisiri was a covering and 
protecting membrane through which the cell obtained its lood and 
excreted its waste Life, in the beginmng, was dependent on water 
for everything — food, heat, and mobility Ais hfe developed into 
more complex forms, it moved its habitat froin water to wet mud 
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and then to dry land These complex life organisms were less de- 
pendent on an immediate source of water 

Finally birds and mammals, capable of remaining ahve for sev- 
eral days without ingesting any water, evolved In this penod of 
evolution, the birds and mammals developed a second tn&:hanism 
for maintaining a constant internal body temperature This came 
about m adapting the external protective covermg, the skm, to 
prevent the undue loss of water through evaporation A frog, for 
instance, removed from its enviromnental pond and placed into a 
hot, dry room, dies from desiccation because its skin is unable to 
control evaporation 

Another mechanism for the mamtenance of constant body tem- 
perature has come mto the possession of the higher tonns of life 
This IS the ability of the skin to allow the vaporization of large quan- 
tities of water when desirable This is accomplished through the 
sweat glands There is a close relationship between water metab- 
olism and anixaal heat A constant body temperature is necessary 
for normal functiomng, even though the production of heat within 
the body vanes This is accomplished by removing excess heat 
through direct radiation and conductivity mto the air, and by the 
vaponzation of enough water to nd the orgamsms of the heat not 
disposed of by the other two methods 

The higher forms of life that have evolved from the primitive 
unicellular form are stUI absolutely dependent upon an outside 
supply of water which serves these important functions (a) main- 
tains a constant body temperature, (6) keeps the ratio between 
sohds and hqmds constant, (c) aids in digestion, and (d) assists in 
ndding the body of waste matter 

Water Exchange: 

The body’s organism is supplied with water from two widely 
separated sources thi the one hand, it taies m water contamed 
m the sohd food and enough other hquid so that the water content 
of the two added together satisfies its thirst Another source is 
the water that is constantly being formed withm the body as an 
end product of chemical reactions The foodstuffs all contain hy- 
drogen When they are consumed, most of the hydrogen combines 
with the oxygen already present in the body, or with the oxygen 
brought from the outside, to form “metabohc water ” The amount 
of this water depends upon the rate of metabolism Roughly, 200 
to 500 ml of water are produced in this way every 24 hours 
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Water leaves the body through evaporation and excretion Dis 
regarding the trivial amount m the feces and the amount lost 
through the lungs, the kidneys must have at least 600 to 800 ml 
daily to carry on their function normally Much larger quantities 
are employed by the heat regulatory meidtanism The evaporation 
of water ranges from 800 to 2000 in the case of adults who are 
not laborers Hard work in a warm climate may necessitate the 
evaporation of more than five hters of water daily Even the 
starving individual lying qmetly in a room heated to 70“ F 
(21 1*0 ) loses some 700 ml of water by evaporation Smce the 
oxidations going on withm the body produce only about one fourth 
of the amount, the remainder roust come from the water normally 
present in the body The orgarusm gives up this water reluctantly, 
and the two mechanisms whose functions are dependent upon it 
compete with each other for it, as it were The organism suffers 
less acutely from renal failure than from a disturbance of its tem- 
perature A manual laborer exposed to tropical beat and unable 
to obtam water develops hyperthermia m a few hours, and before 
the day is over will probably collapse wiUi an internal temperature 
of 106“ F (41 1“ C ) or higher 

Losses of water from the body in excess of the supply, regardless 
of the cause (vomiting, diarrhea, diabetes, diseases associated with 
fever), produce an abnormal state that is called dehydration This 
condition becomes serious if as much as 20 per cent of the body 
water is rapidly lost Retention of body water is favored by normal 
secretion of thyroxine, insulm, and the lecithins Too much water 
retention, called water intoxication, may also be serious unless so 
dium chloride is also ingested so that the e]ectro] 3 de or salt con 
centration of body fluids is maiotamed constant Tlus is the reason 
why “salt tablets” are taken along with water by individuals who 
are domg heavy work and perepinng excessively 

In health all of the water that entra the body as food and dnnk, 
and whatever arises chemically within the organism, not removed 
from it by evaporation, from the skin or lungs, is excreted largely 
in the unne, and a balance between supply and elunination is 
mamtamed But an abnormal organism may increase its water 
content The body of the sick roan may contam many more hters 
of water it did in its former norrosd state This acquisition of 
extra water does not affect the outflow through vaponzation The 
excess of water is bound to the protoplasm and thus is mcapable of 
passing out through the kidneys llus state m contrast to the 
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former one is named hydration. Clinically this is known as edema 
or as anasarca. 

The following table shows the water exchange for a normal man 
busily engaged in chemical laboratory work, on a fixed diet and 
over a period of 72 hours. 

WATER EXCHANGE 


Amitad/e 

Excreted 


Intake (diet, water aa such) . 5394 nil. 

Endogenous (oxidation less hy- 
drated water in body protein 
or fat that is aet free on oxi- 
dation) 1052 

As unne 

As feces 

As vapor 

1948ml. 

446 

3804 

SlOSnil. 

6446 ml 

The retention of water by the body was 6446 

- 6198 - 248ml 



Water Needs: 

The life of the body’s organism is not only dependent upon the 
presence of water, but also upon the proper dilution of substances 
in solution. For instance, it is well known that the absence of water 
causes such great concentration of compounds in the tissues and 
fluids of the body that thirst develoj», and eventually leads to 
pathological disturbances or fatal consequences if not relieved by 
an intake of water. The desire for water at any time is to bring 
about a restoration of the normal amoimt of water reqiured by the 
body. This will generally amount to two quarts per day and the 
larger part of this water comes from the foods eaten The retention 
and reabsorption of water seem to be associated with a hormone 
secreted by the posterior lobe of the pituitary gland Experiment 
has shown that injiuy to this portion of the pituitary gland does 
not allow retention of sufficient water in the tissues or normal 
reabsorption after filtration through the kidney. Such a condition 
w prevalent in diabetes insipidus when abnormal volumes of wafer 
are voided daily, and large quantities are drunk to satisfy the ever- 
present thirst of the patient. 

Proper dilution of the body’s content is of special importance in 
accelerating salivary, gastric, and intestinal digestion, for, after all, 
digestion is mainly hydrolysis. From this alone it appears that the 
d rinkin g of water during meals is a good thing. According to Hawk, 
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“the dnnkmg of a reasonable volume of water with meals will pro- 
mote the secretion and activity of the digestive jmces, and the 
digestion and absorption of the ingested food, and will retard the 
growth of int^tmal bactena and lessen the extent of the putrefy- 
mg processes m the mtestme ” Cold or hot beverages produce only 
a momentary change m stomach temperature 

SELF-TESTING QUESTIONS 

54 What are the mechamsms for the elimination of water from the body? 

55 How 19 the body temperature kept normal'’ 

56 What two functiona of the body regulate the amount of water leaving 

the body? 

57 What does an increaeed water content in an animal organism depend 

upon? 

58 What cauaes a desire for water? 

69 What amount of water is normatly required per day? 

60 Drinking water with meals performa what functions? 

SUGGESTED ACTIVITIES 

I THOUCftr PROVOKtNO QueSTIONS 

1 How IS a basal metabolism measurement of practical value la 

estimating the food needs of the body? 

2 What disadvantage would a purely vegetable diet have for s 

person in normal health? 

3 Under what conditions may sugar be found in the unne^ 

4 Since both carbohydrates and proteins can be changed to fats in 

the body why are fats an essential part of the diet? 

5 What 19 meant by a positive and negabve nitrogen balance'’ 

6 Is the use of an iodide in common table salt beneficial’’ Explain 

7 In what way would basal metabolism measurements be of prac 

tical value in large institutions'’ Explain 

8 What is your opinion of tbe value of drmkiDg water which con 

tains sulfur compoimds aa a supply of sulfur for body needs^ 

9 What factors should be considered for rapid loss of excess weight’’ 

10 Why 13 goiter more prevalent m inland cities than in seacoast 

aties’’ Explam 

11 Are iron compounds in mineral waters valuable for good health? 

12 What happens to the nitrogen content of the amino acids m the 

process of metabolism'’ 

13 Why is it that only infants develop nckets? 

14 How would you expect the B M It to be affected by fevers? by 

certain drugs? 
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II Vocabulary Testing of New Terms 

metabolism carbohydrate tolerance 

basal metabolic rate threshold point 
catabolism renal diabetes 

anabolism ketogenic 

deamination antiketogemc 

III Topics for Oral or Written Reports 

1 Variability in the Metabolism of Women 

2 Influence of Food on Metabolism Specific Dynamic Action 

3 Physical Regulation of Heat m the Body 

4 Hormones m Metabolism 

LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found on page 756 


transamination 
glycolysis 
omitbine cycle 
tricarboxylic acid cycle 
mtrogen balance 



CHAPTER XXII 


HORMONES 


CHAPTER OUTLINE 


Genebai. FuNcnoNS or the 
HOBMONES 

The Hormone or toe Pancheas 

(a) Insulin 

(b) The chemical nature of insulin 

(c) The role of insnlm in caxbohy* 

drate metabolism 

(d) Insulin denvativee 

THTROID and PARATHTH0n>3 

(a) The thyroid bormona 

(b) The parathyroid hormone 

Hormones ov the Aorbnal 
Glands 

(a) Epinephrine, the bormooe of 

the adren^ medulla 

(b) Hormones of the adrenal cortex 

T^s Endocrine Acrrvnr or 
TBS Gonads 

(a) The testicular hormone 


(b) The female sex cycle 

(c) The estrogena 

(d) The corpus luteum hormone 
VI The Pitoitabt Gland and 

Its Hormones 

(a) The growth hormone 

(b) Gonadotropic hormones of 

the antenor pituitary 

(c) The lactogenic hormoRa 

(d) The thyrotropic hormone 

(e) The adrenocorticotropic 

hormone (ACTH) 

(f) The diabetogemc hormone 

(g) The poetenor pituitary 
VII The GASTROlNTESnNAL 

Hormones 
(a) Gastrm 
<b) Secretin 

(c) Cholecystokuua 

(d) Enterogastross 

(e) Enterocnnia 


f. GENERAL FUNCHONS OF THE HORMONES 

It has been pointed out in previous chapters that certain glands 
of the body produce external sGcretions which are carried away 
from the glands by means of ducts. Examples of this type include 
the salivary glands, the pancreas, and the hver. There are, in ad- 
dition to this type of gland, others which do not possess ducts but 
whose secretions appear to be earned to other parts of the body 
by the blood stream. These latter glands are known as the ductless 
glands nr the glands nf internal secretion. They are also called 
endocrine organs (Fig. 1). The active chemical compounds that 
are produced by the endocrine organs are known as hormones. 
These substances act as chemical messengers and regulate processes 
of a varied character throughout the body. AH activities within 
the body are under the control of either the nervous system or 
hormones or a combination of the two. 

Dysfunctions of the endocrine glands which result in excessive 
or inadequate quantities of hormones within the body produce 
severe diseases. To be able to undeistand the medical and nursing 
541 
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problems that result from eadoctine disturbances, it is necessary 
to have a thorough knowledge of the chemistry and physiology of 
the hormones. The hormones will be discussed with regard to the 
endocrine organs which are responsible for their formation. 



iloVnvl 





rig. 1 — Endocrine OrgonL DiograRimolic chart showing (he locolion of the vorious 
encfocrine organs. 


II. THE HORMONE OF THE PANCREAS 


The pancreas is an organ of both external and internal secretion. 
The external secretion is the pancreatic juice, which plays an im- 
portant role in digestion. The pancreas is also responsible for the 
formation of insulin, a hormone which is necessary for the proper 
metabolism of carbohydrates. Removal of the pancreas from an 
experimental a nim al produces a condition essentially identical with 
diabetes mellitus, characterized by increased blood sugar concen- 
trations, glycosuria, acidosis, and eventually coma and death. In 
1921, Banting and Best successfully prepared an extract of the 
pancreas which, when administered to a diabetic animal, reversed 
the signs and symptoms of the disease. The active principle of this 
extract was given the name insulin since evidence indicated that 
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it was derived from that portion of the pancreas known as the 
islands of Langerhans Since the discovery of this hormone much 
has been learned of its chemistry and physiological action 

Chemical Nature of (nsuhn 

Insulm is a protem which has been prepared m crystallme form 
All of the insulm used m the treatment of human diabetes is ob 
tamed by extraction from pancreas and its production is a by 
product of the meat industry From all the evidence available, it 
apiiears that insulin prepared from the pancreas of different animals 
is chemically identical Because of its protem character, insulin 
caimot be administered by mouth smce the protem would be by 
drolyzed by the enzymes of the gastromtestmal secretions. There 
are no satisfactory chemical methods for the determination of 
insulin, 80 that measurements must be conducted by biological 
assay A unit of msnlm is defined as one third that quantity wluch 
when administered to a rabbit, will produce convulsions due to 
exc^ve lowering of the blood sugar Pure crystallme insuLn has 
an activity of 22 units per milligram 

Role of Insulin in Carbohydrate Metabolism 

Although insulin plays a vital role in carbohydrate metabolism» 
the exact mechanism of its action is not yet understood In the 
absence of adequate amoimts of insulin glycogen is not stored m 
the liver, excess quantities of glucose accumulate m the blood 
considerable amounts of this sugar are excreted m the unne and 
the oxidation of glucose m the muscles is at least partially inhibited 
In addition the deranged metabolism of glucose causes a simul 
taneous disturbance of fat metabolism manifested principally by 
excessive production of ketone bodies Two of these ketone bodies 
are acidic compounds that cause acidosis Many of the symptoms 
of diabetic coma can be related directly to this acidosis Adminis 
tration of adequate quantities of msulin to a diabetic patient 
decreases the blood sugar elimmates glycosuria promotes storage 
of liver glycogen and restores normal carbohydrate oxidation m 
the muscle With the return of carbohydrate metabolism to normal 
the excessive ketone body formation disappears Admmistration 
of too much msulm to a diabetic causes the blood sugar to be low 
ered to a level that is not compatible with normal function of the 
bram and as a result a shock like state accompanied by convulsions 
follows This condition is called insulm shock The appearance of 
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a patient who is in a diabetic coma due to an inadequacy of insulin 
15 many times quite similar to ^t of a patient sudfennir £rom 
insulin shock Obviously it is very important to be able to dis 
tmguish between these two states This can be readily accom 
plished by a determination of the blood sugar, a low blood sugar 
concentration (hypoglycemia) mdicates that the patient is in a 
state of insulm shock, whereas an elevated blood sugar concentra 
tion (hyperglycemia) mdicates diabetic coma Administration of 
insulm in quantities sufficient to produce insulin shock often has a 
beneficial effect on certain mental disorders such as schizophrenia 
or dementia praecoi 

Ongmally it was believed that all cases of diabetes were due to 
inadequate production of inaulm by the pancreas However, it 
has been observed m experimental animals that the removal of the 
euitenor pituitary gland will relieve the symptoms of diabetes in 
an animal suffermg from this disease as a result of the removal of 
the pancreas Also it has been noted that the administration 
of extracts of the antenor pitiutary gland will produce symptoms 
of diabetes in a normal animal wi^ an intact pancreas This has 
led to the concept that there is a hormone produced by the antenor 
pituitary gland which antagonizes insuhn and that a diabetic state 
may result from an imbalance of these two hormones, either a 
deficiency of insulm or an excess of the diabetogemc hormone of 
the antenor pituitary gland Recently, patients with carcmoma 
of the pancreas have had practically the whole organ removed 
surgically The diabetes that develops m such patients is not as 
severe as that observed in many diabetics 

Insulin Derivatives 

Smce insuhn cannot be given by mouth, it must be administered 
by injections — usually hypodermically The frequency of adminis 
tration and the quantity given depend upon the seventy of the 
diabetic state In most cases, however, with normal insulm, sev 
eral mjections are required each day smce the insulm is quickly 
absorbed from the site of injection, manifests its effect rapidly, and 
withm a relatively short time apparently disappears Two denva 
tives have been prepared which are sufficiently slowly absorbed 
from the site of mjection so that only one mjection per day is 
required Not only is this of much less mconvemence to the patient, 
but also it makes available to the body a steadier, more even supply 
of insuhn throughout the 24 hour interval One of these compounds 
(protamme zmc insulm) is a combination of insuhn, zinc, and a 
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basic protein known as protamine, the other (globm insulin) is a 
combination of insuhn and the protem portion of hemoglobm which 
IS called globm 

It has been noted that the injection of an orgamc compound, 
alloxan, produces a selective destruction of the cells witt^ the 
pancreas which synthesize insulm “Hus drug affords a convement 
means of producmg experimental diabetes which is very necessary 
for a better understandmg of this disease It should be recognized 
that although insulin provides an adequate treatment for diabetes, 
it does not cure the condition and practically nothing is known re 
gardmg the cause of diabetes m roan At the present tune there is 
no evidence that alloxan is an etiological agent m human diabetes 
even though its chemical structure is closely related to certain 
important compounds within the body 

SELF-TESTING QUESTIONS 

1 How can eTperunental diabetes be produced in an animal'^ 

2 What u the chemica] nature of insulin^ 

3 What are the advantages of protamine insuhn or globm jnsuhn'^ 

4 What effect does the administration of insuhn have on blood sugar’’ 

5 How can tosulin shock be distinguished from diabetic coma? 


III. THYROID AND PARATHYROIDS 


The Thyroid Hormone 


The thyroid gland is a small organ located in the lower part of 
the neck and consists of lobes on either side of the trachea An 
insight into the action of this gland can readily be obtained by oh 
servmg the disturbances of normal body activity that result from 
dysfunction of this organ It has been demonstrated that the action 
of the thyroid is mediated through a hormone which it produces 
An outstandmg characteristic of the thyroid hormone is that it 
contains relatively large quantities of the element iodine Kendall 
first succeeded in isolating an active pnnciple from the thyroid 
gland and found it to be an iodine contammg ammo aad which 
was called thyroxme The chemical structure of thyroxme is mdi 
Gated below 
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Th3Toxine possesses all of the physiological and pharmacological 
activity that can be attributed to thyroid substance. A second 
iodine-containing amino add, diiodotyrosme, has been isolated 
from the thyroid gland but it is not biologically active. There is 
evidence to indicate that within the body thyroxine is conjugated 
as a part of a protein molecule called thyroglobulin, and in reality 
th3TOglobulin is the true hormone of the thyroid gland. However, 
it appears that when th3n^xine is administered it is readily con- 


Pig. 2 — Cretin, og« eighteen, (rregviariy and madeqirate(y treated; onjet m 
Infancy; no palpoble thyroid; preMimably congenital othyreotis. A, before 
instituhon of odeqvate therapy, 6, after three month* of treatment, C, after 
one yeor of treatment. Hurxtbol, L M, end Mutulin, H.s Am J. Med I S6 (July) 
19d6. 

verted into thyroglobulin with the result that thyroxine and thyro- 
globulin have essentially the same physiological and pharmacologi- 
cal effects. In the treatment of hypothyroid states, where it is 
desirable to supply additional thyroid hormone to the body, pure 
thyroxine may be either supplied by mouth or injected, or whole 
dried thyroid gland may be ingested by mouth. 

One of the principal activities of the thyroid gland is the regu- 
lation of the basal metabolism of the body. One might consider 
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the body composed of a tremendous number of cells each of which 
could be compared to a tiny motor which is continuously using 
fuel and producing heat regardless of whether any actual work is 
being done. This “idling” activity of the body cells is the basal 
metabolism. The rate of idling speed of each tiny motor is de* 
pendent upon the amount of thyroid hormone circulating in the 
body. An excess of the hormone causes the motor to race, whereas 
a diminished amount residts in a reduction of the idling speed or 
basal metabolism. Dysfunction of the thyroid may manifest itself 
by either an increase or a decrease in the output of the thyroid 
hormone. One of the most convenient means of determining hypo- 
or hyperthyroid states is the measurement of the basal metabolism 
which is usually expressed as a plus or minus percentage of the 
deviation from normal. For instance, a figure for basal metabolic 
rate of —32 means that the metabolism is 32 per cent less than 
normal, which would be indicative of a h 3 rpothyroid state; and a 
figure of +65 means that the metabolism is 65 per cent greater 
than normal and indicates a state of hyperthyroidism. Most 
authorities grant a 20 to 30 point range as normal. 

Inadequacy of thyroid hormone in a growing child results in a 
retardation of mental and physical development. This condition is 
called cretinism and the patient is referred to as a cretin. Fig. 2 


Rg 3 — Myxedema This severe 
form of hypothyroidism in adulti 
Is characterized by coarse hair, 
decreased activity (mental and 
physical). How con this condi* 
fion be benefited? Courtesy, 
Or R A Shipfey 





548 


Biochemistry 


shows a typical cretin both before and after treatment with thy- 
roid hormone If thyroid inadequacy develops in an adult, a 
charactenstic puffiness of the skin results This condition w spoken 
of as myxedema and can be reUeved by the administration of 
either thyroxme or desiccated thyroid (Fig 3) Simple goiter is an 
enlargement of the th 3 T:oid gland that occurs in growmg children 
as a result of inadequate intake of iodine Studies where iodine 



fig Adenomas ef the TTiyro d and Hie removed spedment Nof ce ^ hvge 
advonced growth of the tumors and the weoV cond t on of the potlent who d d 
not hove $ufflel«nt strength to turvivo long after the operation. Whot would hove 
happened If Ih s patient had seen a competent surgeon earl er in the stage of 
thu dijaose? Courtes/ Un versify ifosp Mr Oevefand Oho 
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was added to drinking water or to table salt have indicated that 
simple goiter can be eliminated by sufficient lodme mtake A1 
though simple goiter m itself does not appear to be a serious con* 
dition, certam evidence suggests that subsequent severe thyroid 
disorders are more likely to occur in persons with simple goiter 
(Fig 4) Acute restnction of lodme mtake dunng growth may 
result m cretinism 

Hyperthyroidism occurs m patients suffenng from Graves’ dis 
ease which is also called exophthalmic goiter This term arises 
from the fact that such patients have exophthalmos, a protrusion 
of the eyeballs In such cases the basal metabolism is increased 
from 30 per cent to 100 per cent above normal Formerly, conven* 
tional treatment mvolved the removal of a portion of the thyroid 
(partial thyroidectomy) A senes of drugs has been discovered 
which selectively decrease thyroid activity and thus provide a 
medical means for the control of exophthalmic goiter The most 
extensively used of these drugs is propyl thiouracil This compound 
is a sulfur denvative of the pyrimidines, a type of compound found 
in the nucleoproteins of the body The administration of propyl 
thiouracil causes a decrease m the basal metabolism to normal, 
exophthalmos may disappear, and the general condition of the 
patient is markedly improved Two other chemical compounds 
with a comparable effect on thyroid activity are thiourea and 
thiouraal Excessive administration of any of these drugs will pro 
duce a hypothyroid state 

Treatment of hyperthyroidism is also earned out by adimmstra 
tion of radioactive iodine In thyrotoxic patients who have not 
recently received iodine, 50 to 90 per cent of the radioactive ma 
tenal is taken up by the thyroid gland and the rest is rapidly 
excreted The radiation emanating from the radioactive iodine 
depresses the activity of the thyroid 

The Parathyroid Hormone 

The parathyroids are four tmy glands which are usually im 
bedded m the thyroid tissue Complete removal of these glands 
leads to deficiency symptoms and subsequent death Evidence has 
been obtained to show that th^ glands elaborate a hormone which 
plays an important role in the r^ulation of the calcium concen 
tration m the serum With an excess of the hormone, serum cal 
dum IS elevated to as much as twice the normal level of 10 mg / 
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100 ml , and with inadequate quantities of the hormone the eerum 
calcium may fall to one half the normal concentration 

Extracts of the parathyroid glands have been made which con 
tain the parathyroid hormone The active principle is called para 
thormone or parathynn It possesses the properties of a protein 
and has not been successfully isolated as a pure compound 

D3^unction of the parathyroids may manifest itself either by 
increased production of the hormone or by inadequate output 
Most commonly, hyperparathyroidism results from adenoma or 
hyperplasia This brmga about a mobilization of bone calcium and 
a thinning of the skeleton The serum calaum level is mcreased 
and there is also an elevated urinary calcium excretion Very fire 
quently, some of the excess serum calcium is deposited m the 
kidney, causmg a chronic nephntis and renal failure Treatment 
for hyperparathyroidism entails surgical removal of a portion of 
the enlarged parathyroid tissue H3q>oparathyroidism may anse 
from accidental removal of the parathyroids durmg thyroidectomy 
In this condihoR the serum calcium level is decreased and a state 
of tetany results This is due to the fact that the calaum concen 
tration of the body f uid has an important Tegvdatiag action on the 
imtabihty of the neuromuscular system With madequate cal 
cium, the imtabihty increases and tonic spasms of single muscles 
occur, or occasionally there may be generalized convulsions It 
should be noted that tetany may also result from marked lowenng 
of the serum calcium because of nutritional defiaency of calaum 
This condition is often observed in infants and is spoken of as 
spasmophilia Hypoparathyroid tetany can be controlled by the 
administration of parathormone Temporary relief can also be 
obtamed by the administration of large quantities of calaum salts 
It has been foimd that certain irradiated ergosterols, particularly 
the substance called dihydrotadiysterol have an action similar to 
parathyroid hormone and increase serum calaum levels 

SELF-TESTING QUESTIONS 

€ iype irf’iSjaipvstrtiJ cf Htsvftxae"* 

7 What element is present in thsHroxine that does not occur in most or 

game compounds'^ 

8 What disease results from excessive secretion of thyroid hormone? 

9 What IS myxedema’ 

10 What IS cretinism’ 

11 What 13 the relation of basal metabohsa to thyroid activity’ 
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12 What nutritional do£ciency causes simple goiter? 

13 What is the action of propyl thiouiacil'’ 

14 What IS the chemical nature of the parathyroid hormone‘s 

15 What effect does the parathyroid hormone have on serum calcium 

concentration’ 


IV. HORMONES OF THE ADRENAL GLANDS 

The two adrenal glands, which are sometimes called the supra- 
renal glands, are situated one at the top of each kidney Examma 
tion of the histological structure of these glands mdicates that 
there are two distinct parts which are called the medulla and the 
cortex Actually these two portions of the glands have an entirely 
different embryological origin and a distmct independent function 
The medulla, or inner part of the gland, arises from the sjunpa 
thetic nervous system and produces a hormone (epinephrine) 
which has a speafic effect on the nerve endings of the sympathetic 
system The outer part of the adrenal is called the cortex and is 
of an epithelial embryological ongm The cortex produces a senes 
of steroid hormones which play an important role m regulating a 
number of body functions whi^ will be discussed 


Epinephrine, the Hormone of the Adrenal Medulla* 

This hormone was first isolated in 1901 and has smce been 
chemically identified and synthesized Its chemical structure is 
shown below and it will be seen that it has a structure which bears 
a resemblance to the ammo aad, tyrosme 
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There has been a considerable amount of rmsimderstandmg 
among physiologists regardmg the contribution that the adrenal 
medulla makes to the economy of the organism For instance, it 
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IS possible to remove the adrenal medulla without any detrimental 
effects However, this does not prove that this portion of the gland 
has no function One group of mvestigators headed by Cannon 
has provided evidence to mdicate that the prmcipal activity of 
the adrenal medulla is to enable the body to cope with emergen 
cies more readily Under these circumstances, nervous stimulation 
of the medulla causes epinephrine to be hberated into the blood 
stream The presence of this hormone in the blood results in a 
dilatation of the bronchioles, an increase m blood pressure, an in 
crease m blood sugar because of the conversion of Uver glycogen 
into glucose which is picked up by the blood, and a decrease in 
blood coagulation time Thus in tunes of stress more oxygen is 
provided for the blood and tissues (bronchiolar dilatation), more 
fuel IS available for metabohc reactions (mcreased blood sugar), a 
better supply of blood os afforded to the tissues {increased blood 
pressure), and the tendency to bleed as a result of mjury is de 
creased (shortened coagulation time) 

Epinephrine has a powerful vasoconstnctor action and for this 
reason it is used rather extensively m roedicme and dentistry to 
accomplish reduced blood dow in localized areas of the body For 
instance, where a local anesthetic is bemg employed, the anesthetic 
effect IS prolonged by the addition of epmephnue to the injected 
solution This causes a reduced blood Sow to the area and the 
anesthetic is not as readily earned away by the blood stream 
Similarly, it is possible to decrease bleeding, such as might occur 
after the extraction of a tooth by the local injection of epinephrine 
which constneis the blood vessels and abolishes the hemorrhage 
Epmephnne given by mjection is also useful m the treatment of 
asthma by reason of its ability to dilate the bronduoles Epi 
nephnne is likewise employed to resusatate the heart m cases where 
the heart has stopped beating In this instance, it is injected 
directly into the heart muscle 

Hormones of the Adrenol Cortex 

The adrenal cortex has a mudi more vital function than does 
the adrenal medulla, since the remova] of this portion of the gland 
from most anunals results in death m a very short time Similarly, 
diseases which afiect the adrenal cortmc are of a very grave natiue 
and iinlppg properly treated are fatal It has been found that if 
extracts of the adrenal cortex are administered to adrenalectomized 
animads, they can be maintained in good condibon The extracts 
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of the adrenal cortex supply hormones which are normally provided 
by the gland. The nature of the functions which are regulated by 
the adrenal cortical hormones can best be appreciated by consider- 
ing the disturbances that occur in adrenalectomized animals or 
patients suffering from adrenal cortical insufficiency (Addison’s 
disease). The chief symptoms in such animals or patients are: 

(1) A disturbance of water and electroli^e balance which mani- 
fests itself by dehydration, a concentrating of the blood, a decrease 
in the sodiiun content of the serum and an increase of the potas- 
sium content. 

(2) A disturbance of carbohydrate metabolism which is mani- 
fested by a hs^oglycemia (lowered blood sugar) and a decrease in 
liver glycogen 

(3) A decrease in kidney fimction which results in the accumu- 
lation of urea and other waste products in the blood. 

(4) A generahzed muscular weakness and a lessened resistance 
to cold and shock, and other stress reactions 

(5) In patients with Addison’s disease there is also a bronzing 
of the skin which gives such patients a diaracteristic appearance, 

Chemical study of adrenal cortical extracts has resulted in the 
isolation of several steroid compounds. These all possess the cyclo- 
pentanophenanthrene nucleus and differ only in the groups that 
are substituted on this polycyclic structure The chemical formulas 
of cortisone and corticosterone, two of the most active of these 
compounds, are shown here.* 


_____ (cotnpownd E) 

* Incoiaplez structural formula i of tins type the hexagon is not an aromatic (benzene 
nng) configuration, unless the alternate double and tingle bonds are shown It is under- 
stood that where bnes meet a carbon atom is present, with suffiaent attached hydrogens 
to make it tetravalest Note that cortisone has so aromatic character 
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c=o 



Cortisone has recently been B3mthe3ized and is at present widely 
used in treating a variety of diseases Corticosterone is a very 
active adrenal hormone but is not at present available ibr medical 
use A third steroid called desoxycorticosterone has never been 
recognized as a chemical component of the adrenal gland but has 
been synthesized in the chemic^ laboratory and has a definite effect 
in regulatmg or influencing body functions that are under the con 
trol of the adrenal cortex Cortisone primarily influences carbo 
hydrate fat and protein metabolism and gives either man or am 
mals a remarkable ability to cope with stress reactions It has a 
lesser eftect m regulating water and electrolyte balance but this 
function IS markedly influenced by desoxycorticosterone 

During the past few years, with the increase m knowledge of the 
function of the adrenal cortex and with the synthesis of cortisone 
and desoxycorticosterone the outlook of a patient with Addison’s 
disease has markedly improved The simple expedient of restncting 
the mtake of potassium and increasing the intake of sodium chloride 
IS of immense value to the general condition of such patients It is 
also possible to implant pellets of desoxycorticosterone under the 
skm These very riowly dissolve over a period of several months 
and afford a constant supply of the factor which regulates water 
and electrolyte balance Cortisone may be administered to over 
come the effects of any stress reactions (e g , infections) which may 
be encountered 

Cortisone also induces prompt remission of acute signs and 
symptoms of rheumatoid arthntts, including swelling, local redness 
and tenderness It has been used with success m all of the other 
80 called collagen group of disease (which mcludes disseminated 
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lupus erythematosus, penartentis nodosa, dermatomyositis and 
sderoderma) The compound la a potent metabohc agent whose 
administration must be carefully controlled Contmued adminis 
tration produces disturbances in carbohydrate metabolism and 
development of Cushing’s syndrome (See Fig 9, p 568) Effects 
comparable to those obtained with cortisone can be obtained by the 
administration of the adrenocorticotropic hormone (ACTH) of the 
anterior pitmtary This hormone is also widely used m medical 
practice ACTH acts on the adrenal gland and stimulates the gland 
to release cortisone and other adrenal cortical hormones With an 
intact adrenal cortex, the action of cortisone and ACTH are com 
parable In the absence of a functional adrenal cortex, ACTH has 
httle effect 

The adrenal cortex also exerts an effect on sex Tumors of the 
adrenal cortex in women result in an “adrenal vinlism” which 
manifests itself by the development of secondary male sex char* 
actenstics including growth of a beard, lowering of the pitch of 
the voice, and a repression of female sex characteristics Tumors 
of the adrenal cortex m males result m a less well defined syndrome 
In some instances there is an increase m male characteristics, 
whereas in other cases, there may be a tendency toward femimza 
tion with gemtal atrophy, enlargement of the breasts, and an 
elevation of the pitch of the voice 

SELF-TESTING QUESTIONS 

16 Describe the action of epinepbrue 

17 Why IS epinepbnne useful as a local hemostatic agent^ 

18 What are the effects of disease or removal of the adrenal cortex*^ 

19 What IS corticosterone*^ 

20 What IS desoxycorticosterone^ 

V THE ENDOCRINE ACTIVITY OF THE GONADS 

The gonads (testicles or ovanes) have two types of activity 
One of these is the formation of spermatozoa or ova and the other, 
the production of hormones The nature and function of these 
hormones will be discussed m detail in the followmg paragraphs 

The Testicular Hormone 

The testes elaborate a type of hormone which regulates a num 
her of body functions m the male It is responsible for the descent 
of the testicles the development of the accessory reproductive 
organs (epididymis, vas, prostate, seminal vesicles, and perns), the 
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mamteaance of spermatogenesis, the development of secondary 
male characteristics (male voic^ male pattern of facial and body 
hair distribution, male type of skeletal muscular development) , and 
it stimulates libido Smce there are several compounds which 
possess male hormone activity, they are collectively referred to aa 
the androgens 



F g 5-— The (nflgenee of the odm n tiral on of tettoste one propionate to 24 day 
old wh fe leghorn ehfck* Note the tremandeot Jhimilo) on oi the comb caused by 
the ondrogen e hormone Coorfeiy Or Rolph I Dorfman 
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The androgens can be assays! by injecting them into a capon 
(castrated rooster) and measuring the amount of comb growth 
produced. This is possible since the comb growth in the rooster is 
controlled by male hormone and in the capon there is very little 
comb growth. 

Chemically the androgens are all of a steroid nature. The most 
potent of them is testosterone which can be obtained from the 
testis by extraction with a lipid solvent. This compound is be- 
lieved to be the true physiological male sex hormone. Its structure 



a structure similar to testosterone but the physiological activity 
is considerably less as measured by comb growth assays in capons 
(Fig. 5) or as indicated by clinical effects when administered to 
eimuchs. Testosterone has a definite clinical usefulness in cases 
where the testes are absent or hypofunctional. Eunuchs, for in- 
stance, have a feminine type of body build, slight growth of facial 
hair, a high-pitched voice, and no sexual urge. Administration of 
testosterone produces marked changes in body contours, growth 
of a beard, a lowering of the voice to the male range, an acquire- 
taeat seztiai desire, arid art increase in vigor and sense of trei! 
being. 

The Female Sex Cycle: 

There are two important types of female sex hormones, both of 
which originate in the ovaries. These hormones are responsible for 
the development of secondary female sex characteristics, and also 
regulate the menstrual cyde smd play an important role in preg- 
nancy. 

The action of the female sex hormones can better be understood 
following a brief description of the female reproductive system 
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which includes the ovanes, the oviducts, the uterus, the vagina, 
and external genitalia The ovanes are small bean shaped bodies 
which are responsible for the production of female egg cells (ova) 
At penodic mtervals, an ovum is discharged into the oviduct 
(fallopian tube) and passes from there mto the uterus If, as a 
result of sexual mtercourse, spermatozoa are present m the uterus, 
the ovum may be fertilized, if thia takes place, the fertihzed ovum 
becomes implanted in the wall of the uterus and develops mto an 
embryo During the period from puberty to the menopause the 
ovanes and uterus undergo continuous complex changes Present 
in the outer wall of the ovary are large numbers of immature 
graafian folhcles containing ova Durmg each menstrual cycle, 
one of these folhcles enlarges and secretes increased quantities of 
estrogens, one of the two groups of female sex hormones Ap 
proximately on the 14th day of each menstrual cycle m the human, 
the enlarg^ folbcle reaches matunty and discharges an ovum At 
the pomt where the foUicIe rupture, the cells undergo a change 
(lutemization) and the resultmg structure is called the corpus 
luteum This corpus luteum is responsible for the production of 
progestational hormones, the second of the two groups of female 
sex hormones If pregnancy does not occur, the corpus luteum 
undergoes atrophy approximately at the time of menstruation, 
whereas, if the ovum is fertihzed, the corpus luteum persists 
throughout pregnancy During the tune tbe graafian follicle in 
the ovary is developmg, the endometrium (the lining of the uterus) 
undergoes proliferation, which may be thought of as a type of de 
velopment rendermg the endometrium capable of receiving a fer 
tihzed ovum If the ovum is not fertilized, the endometrium under 
goes further changes and at the time of menstruation, the inside 
surface of the endometrium sloughs off leaving many exposed blood 
vessels which account for the menstrual bleedmg In most ammals, 
menstruation does not occur and the female is receptive to sexual 
intercourse only at certain periods 

Vfjt EiUoaeoi- 

There are several substances of similar chemical nature which 
have a specific physiological action and these substances are col 
lectively referred to as the estrogens They are produced by the 
ovanes as a result of pitmtary stimulation, circulate in the blood, 
may be metabolized or chemically altered, and are excreted m the 
urme The followmg formulae diow the structures of the three 
most important estrogens 
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It IS believed that estradiol, which is the most potent of the three 
compounds, is the true hormone and that estrone and estnol are 
products of the metabolism of estradiol Estradiol is produced by 
the folhcle cells of the ovary and is secreted m increased amounts 
dunng the maturation of a graafian folhcle This increased amount 
of estrogen causes the development of the endometrium following 
menstruation and produces a type of structure which makes the 
utenne wall receptive to the implantation of a fertihzed ovum 
Estrogens also are responsible for the development or accentuation 
of secondary female ses characteristics (body contour, hair dis* 
tnbution, development of genitalia, etc ) In most animals, they 
induce estrus which is the period of “heat” in which the female la 
receptive to sesual intercourse 

During recent years, estrogens have been extensively employed 
m the chnical treatment of ovanan insufBciency They are also 
useful in the alleviation of severe menopausal symptoms that 
sometimes occur in middle aged women A group of synthetic 
organic compounds which have estrogenic activity has also been 
developed for the same purpose The principal one of these sub 
stances is diethylstilbestrol These synthetic compounds are mucli 
less expensive than natural estrogens and have the added ad- 
vantage that they can be administered orally whereas most natural 
estrogen preparations must be mjected 

The Corpus Luteum Hormone: 

The hormone of the corpus luteum (progesterone) has been 
isolated as a pure chemical compound and its chemical structure 
determmed 

It will be seen that it possesses the basic steroid nucleus but close 
Bcrutmy indicates that there are differences between the estrogens, 
androgens, and progesterone The second substance pictured 
IS pregnanediol which is the metabolized product of progesterone 
Pregnanediol is excreted in the urine and the quantity present is 
an mdication of the activity of the corpus luteum 
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The chief fimction of progesterone is to cause a type of growth 
of the endometrium which prepares jt for implantation of the fer- 
tilized ovum If conception does not occur, the corpus luteum 
atrophies and ceases to supply progesterone and this results in a 
breakdown of the progestational endometrium of the uterus with 
subsequent hemorrhage of non clotting blood, i e , mensbiiation 
If conception does take place, the corpus luteum persists because 
of the influence of prolactm (a pituitary hormone) , and progesterone 
mamtams the endometrium 

SEIF-TESTINO QUESTIONS 

21 What if aa andiogen'’ Name two androgens 

22 At what time during the menstrual cycle is conception most Idcely to 

occur’ Why’ 

23 What IS the endometrium’ 

24 What IS a graafian follicle’ 

25 What IS the corpus luteum’ 

26 What effects do estrogens have in the female’ 

27 What is the action of progesterone’ 

28 Name three estrogens 


VL THE PITUITARY GLAND AND ITS HORMONES 

The pituitary gland (hypophysis) is a small structure situated 
at the base of the brain and has frequently been referred to as the 
“master endocrine organ” because it controls or influences several 
of the other eadoerme structures aa well as regulates many other 
body processes Anatomically, the pitmtary is divided mto three 
portions (I) the anterior pituitary, (2) the posterior pituitary, 
and (3) the pars mtermedia or the mtermediate portion Much 
more has been learned of the function of the anterior pitmtary 
thuTi of the other two portions Knowledge of the hormonal func- 
tion of the pituitary has been acquired as a result of the following 
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types of animal experimentation: (I) noting the physiological 
effects of removal of the gland; (2) observing the ameliorative 
effects resulting from mjection of extracts of the pituitary into 
animals with this gland removed; (3) witnessing the results pro- 
duced in normal animals by the injections of extracts of the gland. 

Removal of the whole pituitary or merely the anterior portion 
produces the following effects: 

1. Cessation of growth. 

2. Atrophy and loss of fiinction of the gonads (ovaries and 

testes). 

3. Atrophy of the thyroid gland. 

4. Cessation of lactation in a lactating animal. 

5. Atrophy of the adrenal cortex. 

6. Improvement in the condition of a diabetic am'mal. 

All of these phenomena can be reversed by the injection of extracts 
of the anterior pituitary glands obtained from other animals. 
More exacting studies and the chemical separation and purifica- 
tion of the crude extracts have indicated that there are several 
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rather than one single hormone secreted by the anterior pituitary. 
Six of these hormones have been obtained as relatively pure chem- 
ical compounds during the past ten years and all of these are of a 
protein nature. In that proteins are such complex compounds, 
none of the pituitary hormones has been synthesized in the lab- 
oratory. As a result, all of the pituitary hormones that are used 
therapeutically must be obtained from natural sources. For this 
reason, such preparations are very expensive. 




Fig. 7 — Acromegaly. The diseoie h chorocterized by progressive enlargement 
of the bones In the face, hands, and feet, and lorge tongve. OveraelivUy of the 
onterior lobe of the pituitary gland In childhood produces whot condition? 
Coirrfsjy, Dr. K. A. Shipley, 


The Growth Hormone: 

The cessation of growth in animals with their pituitary removed’ 
as well as the increase in growth of normal animals when given 
pituitary extracts, has provided evidence for a growth hormone. 
There is also clinical evidence for a growth hormone based on the 
observation of patients with pituitary disorders. For instance, if 
the pituitary is hypofonctional during growth, a “pituitary dwarf’ 
will result (Fig. 6). Excessive production of growth hormone also 
is observed in patients who have a certain type of tumor of the 
anterior pituitary. If excessive secretion of the hormone occurs 
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during childhood, proportional body growth is stimulated and a 
"pituitary giant” results. The giants observed in circus sideshows 
are usually example of this tyi)e of pitmtary disorder. However, 
if the stimulation occurs after cltwure of the epiphyses of certain 
long bones, a disproportionate growth pattern is observed and 
such individuals grow in a grotesque manner. This condition is 
referred to as acromegaly (Fig. 7). 

Gonadotropic Hormones of the Anterior Pituitary: 

The pituitary is responsible for the development and maintenance 
of function of the gonads. Hypofimction of the gland results in 
decreased gonadal activity; and removal of the pituitary causes a 
loss of sexual function. Administration of pituitary extracts to 
immature animals produces precocioiis sexual maturity. Careful 
study of this gonadotropic activity has indicated that there are 
two gonadotropic hormones and these have been chemically sepa- 
rated and prepared as relatively pure compounds. Their action is 
quite different in the male and in the fem^e. Several names have 
been applied to these two hormones and this has made their cog- 
nizance quite complex; but an understanding of their function is 
quite important. 

The Follicle-Stimulating Hormone (fsh, gametooenic 
HORMONE, PROLAN A) : In the female, this hormone stimulates the 
growth of graafian follicles in the ovary. As was discussed in the 
section on female hormones, the growth and maturation of a follicle 
are an important phase of the female sexual cycle. In the absence 
of the hormone, follicles do not develop and as a result, the estro- 
gens which they produce are not available for action on the endo- 
metrium of the uterus. In the male, FSH stimulates the sperm- 
forming tissues of the testes which might be considered analogous 
to the ovura-procfacmg fijff/cfles’ of the ovary. 

The Luteinizing Hormone (lh, interstitial cell-stimulat- 
ing HORMONE, PROLAN b): In the female, this hormone causes 
luteinization of the ruptured graafian follicle and this results in a 
corpus luteum. It has already been pointed out that the corpus 
luteum also produces an important hormone. In the male, luteiniz- 
ing hormone stimulates the interstitial cells of the testes which are 
responsible for the production of the male sex hormone testosterone. 

TTie relationship of the pituitary gonadotropic hormones and 
the female sex hormones to the menstrual cycle can be visualized 
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in Figure 8. During the first phase of the cycle, there is a pre- 
dominant secretion of follicle-stimulating hormone by the anterior 
pituitary. This causes the development and maturation of a 
graafian follicle. The maturing follicle in turn secretes estrogens 
which cause the endometrium of the uterus to develop and also 
produce estrus in animals. With ovulation, which occurs approxi- 
mately at the 14th day of the cycle, the pituitary secretes a pre- 
dominant quantity of luteinizing hormone that stimulates the de- 
velopment of the corpus luteum. The corpus luteum produces the 
hormone progesterone which maintains the endometrium in a con- 
dition favorable for reception of the fertilized ovum. Towards the 
end of the cycle, the output of luteinizing hormone by the pituitary 
dimin ishes and the corpus luteum in turn atrophies and ceases to 
supply progesterone. In the absence of progesterone, the uterine 
wall is no longer maintained and with its degradation, menstru- 
ation occurs. In case of conception, the corpus luteiun is main- 
tained by the stimulating effect of prolactin, another anterior 
pituitary hormone which will be discussed later. 

A substance similar to pituitary gonadotropins and called chori- 
onic goz:adotropin is produced by the placenta and appears in the 
urine in relatively large quantities soon after the begiiming of 
pregnancy. The presence of large amoimts of this choriomc gonado- 
tropin is the basis for the Aschheim-Zondek and the Friedman tests 
for pregnancy. The injection of pregnancy urine containing this 
gonadotropin into immature female nii<^ (A-Z test) or into unmated 
female rabbits (Friedman test) results in the rapid development 
and rupture of a graafian folh'cle within a period of 1 to 4 days. 
The results of such tests can be determined by macroscopic obser- 
vation of the ovary. The male frog is also being employed as a 
test animal for the demonstration of chorionic gonadotropin in 
urine (i e,, for a pregnancy test). Injection of urine containing 
chorionic gonadotropin into the dorsal lymph sac of the male frog 
causes the appearance of spermatozoa in the frog’s urine within 
one or two houre. Sperm can readily be seen by examining the 
frog’s tirine on a slide under a microscope. 

The Laclogenic Hormone of the Anterior Pituitary (Prolactin): 

The process of lactation subsequent to parturition is vmder the 
control of a hormone of the anterior pitviitary which is called pro- 
lactin, This hormone was the first of the pituitary hormones ob- 
tained as a pure chemical compound and has been found to be a 
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protem with a molecular waght of approximately 25 000 The 
hormone alone is not capable of causing lactation but functions in 
the breast that has been hypertrophied by estrogens The com 
hmed administration of estrogens and prolactin will produce lac 
tation even in the male species There appears to be some in 
hibitor to prolactin that is present during the course of pregnancy 
but foUowmg dehvery the restraining factor is removed and the 
secretion of milk occurs Ihis inhibitor substance is believed to 
onginate in the placenta Prolactin also is responsible for the 
maintenance of the corpus luteum during pregnancy 

The Thyrolropic Hormone (Tbyrolrophin) 

The activity of the thyroid gland is under the regulation of a 
thyrotropic hormone which is secreted by the anterior pitmtary 
Removal of the pitmtary results m a decreased thyroid function 
and injection of the hormone stunulates the thyroid and may pro 
duce evidences of hyperthyroidism This hormone has been iso 
lated and identided as a protem It appears hkely that certain 
thyroid dysfunctions seen m dimcal practice can be attnbuted to 
an abnormality of thyroirophm secretion by the anterior pituitary 

The Adrenocortfcotroptc Hormone (ACTH) 

The adrenal cortex is xmder the control of a hormone secreted by 
the anterior pitmtary This hormone is called the adrenocortico 
tropic hormone or ACTH In the absence of the stimulating effect 
of ACTH the adrenal cortex will atrophy and evidences of adrenal 
cortical insufficiency will appear Much has been learned m recent 
years of the effect of ACTH and the adrenal cortex in overcoming 
stresses such as poisoning by chemicals or bacterial toxins bleed 
mg crushing injuries burns and exposure to severe cold When 
such a stress develops the pitmtary is stimulated and it releases 
increased quantities of ACTH Tbe ACTH m the circulating blood 
in turn causes release of cortisone and other adrenal cortical hor 
mones These provide the protection against the stress 

ACTH IS a low molecular weight protein which is prepared from 
ammal pituitanes in much the same way that msulin is prepared 
from animal pancreases ACTH is non antigemc and is widely 
used m medical practice The biologically active portion of the 
ACTH molecule has recently been synthesized (p 401) Its u'?es 
are quite comparable to tho*?e of cortisone which was discussed in 
an earlier section 
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The Diabetogenic Hormone of the Anterior Pituitary 

In the discussion of insuhn, it was mentioned that the adminis 
tration of extracts of the eintenor pitiutary would produce dis- 
turbances of carbohydrate metabolism similar to those noted in 
diabetes It has also been observed that an ammal havmg diabetes 
as a r^ult of the removal of the pancreas will be beneficially af 
fected by removal of the anterior pituitary gland This has led to 
the behef that the anterior pituitary may secrete a hormone which 
antagonizes insulin In other words, this hormone tends to produce 
diabetes whereas insulin tends to prevent diabetes Accordingly, 
this hormone has been called the diabetogemc hormone At the 
present time, this hormone has not been purified and the exact 
mechaiusm of its action is not clearly defined It is quite possible 
that the effect is due to the action of the growth hormone and the 
adrenocorticotropic hormone However, it seems that normal car 
bohydrate metabolism la brought about by a proper ratio of insuhn 
and diabetogenic hormone If there is an excess of diabetogenic 
hormone or a deficiency of insulin, a diabetic state will result, 
whereas, if the pendulum swings the other way and there is either 
an excess of insulin or a defiaency of diabetogemc hormone, a state 
of hypoglycemia will result with ultimate “msuhn shock ” 

Smce the anterior pituitary is responsible for the elaboration of 
many hormones, it can be readily understood that disorders of the 
pituitary might result in complex disease states due to an imbalance 
of the various hormones One such example of this is Cushmg’s 
syndrome (Fig 9) which is caused by an adenoma (tumor) of a 
certain type of cell in the gland In this condition there is formed 
an excess of the adrenocorticotropic hormone and the gonadotropic 
hormones 

The Posterior Pituitary: 

The posterior portion of the pituitary is smaller than the an 
tenor part and because of its anatomical position, it is virtually 
impossible to remove it without injury to the antenor pituitary 
This has made the study of the normal function of the posterior 
pitmtary extremely difficult There is some evidence that damage 
to this portion of the gland results m polyuna (mcreased unne 
output) This suggests that the postenor pituitary secretes a 
hormone that regulates urinary volume There is a chmcal con 
dition known as diabetes insipidus which is charactenzed by an 
excessive thirst and the exaetion of very large unne volumes 
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Fig. 9— ^uthing't Diteate. Notice 
obolly of the face ond neck os the 
result of 0 pltuilorytumor. Tumors of 
whot other glondsmay couse this dis* 
eoief Ceiirt»ty,UnhtrtityHetpilPlt, 
Cfevelend, Ohio. 

Additfooal evidence for the secretion of an antidiuretic hormone is 
furnished by the fact that extracts of the posterior pituitary will re* 
duce urine volumes to normal when administered to such patients. 

Cbenucai fractionation of posterior pituitary extracts has resulted 
in the separation of two fractions which have been called vaso- 
pressin (Pitressin) and oxytocin (Pitocin). Whether these sub- 
stances are true hormones or merely compounds with specific 
pharmacological actions is a matter of debate at the present time. 
Vasopressin will increase blood prrasure and has been used to 
combat the low blood pressure of shock following severe injury or 
extensive surgical procedures. It also possesses the principle which 
decreases urinary output in diabetes insipidus. Oxytocin has a 
powerful stimulating action on the contraction of the smooth 
muscles of the uterus. This property is made use of in certain cases 
encountered in obstetrical practice. 

No known endocrine function is ascribed to the intermediate 
portion of pituitaiy (pars intOTnedia) in mammals. 

SEIF-TESTING QUESTIONS 

29 What methods have been successfully employed to demonstrate the 
endocrine activity of the {Htuitary? 

30. Name five effects that may he produced by removal of tbe antenoT 
pituitary. 
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31 Name three chnica] conditions that are due to excess or deficiency of 

gro wt h hormone 

32 Briefly discuss the role of folhcle stimulating hormone (FSH) luteimzing 

hormone (LH) estrogens and progesterone in the menstrual cycle 

33 What are vasopressin and orytocin^ Indicate one use each might have 

in medical practice 

34 What IS the chemical nature of the anterior pituitary hormones'’ 

35 What 13 the basis for the male frog pregnancy test’ 

VII THE GASTROINTESTINAL HORMONES 

The fact that hormones play an important role in digestion has 
already been pointed out m a previous chapter However, these 
relationships will be briefly reviewed When there is no food in 
the alimentary canal the digestive apparatus is relatively quiescent 
but foUowmg the ingestion of a the whole system actively 
functions in a beautifully synchronized manner This is due to 
both nervous and humoral (hormonal) control 

Gastrin 

When food enters the stomach a hormone is released &om the 
pylonc region which is absorbed into the blood This hormone is 
c^led gastnn Ita presence stimulates both muscular contractions 
and secretory activity on the part of the stomach Thus it pro 
duces a flow of gastric juice contaming increased quantities of hy 
drochlonc acid and pepsin The chemical nature of the hormone 
gaatrm is a matter of some dispute There is some evidence that the 
hormone is a simple chemical substance identical with the ammo 
acid derivative histamine It is known that histamine has a 
powerful stimulating effect on gastnc activity However there is 
also some evidence to suggest that gastnn is a protem like hormone 
Secretin 

This IS one of the hormones which is released when food enters 
the duodenum It stimulates the production and flow o! pancreatic 
juice It IS of considerable histoncal interest that secretm was the 
first recognized hormone it was discovered m 1902 Secretm has 
been isolated as a pure chemical compound and has been identified 
as a pol 5 T)eptide 

Cholecysfokmm 

Tins 13 a third gastromtestmal hormone It is liberated into the 
blood stream when food enters the duodenum When blood con 
taming the hormone passes through the walls of the gallbladder 
it causes the muscles to contract and concentrated gallbladder 
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bile is forced through the ducts into the duodenum. Thus far the 
hormone has not been obtaued m a purided state 

Enferogasfrone: 

In the proc^ of digestion, one of the functions of the stomach 
is to act as a reservoir which atores the ingested food until it can 
be digested and absorbed. Tim is necessary since the intestine can 
handle only small quantities of food at a time It has been found 
that the emptying of the stomach is controlled by a hormone 
(enterogastrone) which originates in the lining of the small in- 
testine. When food enters the small intestine, this hormone is 
released into the blood and on reachmg the stomach it temporarily 
inhibits further gaatnc secretory activity by emptying of gastric 
contents into the duodenum. Enterogastrone has not been pre- 
pared as a pure compound. A somewhat related substance called 
urogastrone with a similar physiological effect can be obtained from 
unne This matenal has been used to treat peptic ulcer. 

Enferocrlnin (Enferin): 

This hormone also originates in the mucosa of the small mtestine 
and IS released when food enters the duodenum. Its physiological 
effect IS to stimulate secretion of intestinal juice (succus entericus). 
At the present tune, enterocnnin has been obtained only in crude 
extracts 

SELF-TESTING QUESTIONS 

36 What waa the first hormone discovered’’ When did this occur’ 

37. What IS the action of enterogastrone’ 

33 What hormone stimulates the evacuation of the gallbladder’ 

39 Where does secretin originate’ tVhat is its action? 

40 What IS gastrin’ 

SUGGESTED ACTIVITIES 

I Thought Pbovokino Questions 

1 Why must insulin be injected rather than given orally’ 

2 What effect would the adnunistration of thyrotropic hormone 

have on the basal metabolism of a normal individual? 

3 What laboratory chemical examinations are useful in the diagnosis 

of parathyroid disorders’ 

4 Describe the treatment of a patient with Addison’s disease 

5 Suggest how hormones might be employed to produce menstrua- 

tion la a castrated female 

6 How would you distingniah between a cretm dwarf and a pituitary 

dwarP 
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7 Make a List of all the substances which are known to contain the 

steroid nucleus 

8 Discuss the digestive processes indicating the relative role of 

hormones and enzymes 

9 Make a list of all the diseases m which the principal disturbance 

IS an excessive or deficient secretion of hormones 

10 Name three hormones that have been prepared synthetically and 

which are useful clinically 

11 Name the chmcally useful hormone made from animal tissues 


II Vocabulary Testing < 
endocrine 
hormone 
ductless gland 
insulin 

hypoglycemia 

hyperthyroidism 

adrenal medulla 

epinephrine 

hypoparathyroidism 

Addison's disease 

ACTH 

graafian follicle 
cortisone 


New Teaiits 

desoxycorticosterone 

estrogen 

estradiol 

androgen 

testosterone 

acromegaly 

myxedema 

cretinism 

thylakentnn 

thyroglobuhn 

thyrotropic hormone 

cholecystokuun 

chonomc gonadotropin 


thyroxine 

progesterone 

metakentnn 

oxytocin 

vasopressin 

endometrium 

ovulation 

gastrin 

enterogastrone 

secretin 

anterior pituitary 

prolactin 

enteno 


III Topics for Oral or Written Reports 

1 Prepare a report based on outside reading on one of the following 

subjects (a) Plant hormones (6) Am^ormones (c) Commer 
cial production of insulin (d) Commercial production of thy 
roxine (e) The use of estrogens m the treatment of prostatic 
carcinoma (f) Stress reactions in disease 

2 Present a clmical history and descnption of a patient on your 

ward suffering from some endocrine disturbance 

3 Consult the book published by the American Medical Association 

1954 Glandular Physiology and Therapy and prepare a re 
port based on one of the topics discussed in this text as 
suggested by your instructor 


UiBORATORY CHEMISTRY 

Time and facilities make it impractical to carry out any laboratory expert 
meats on the hormones 
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VITAMINS AND MILK 


CHAPTER OUTLINE 


I. Inteoductort Discussiqk 

(a) Vitamina and hormonea 

(b) Vitamin complexes 

(c) Vitamin assay 

(d) Vitamin iimtage 
II Vitamin A 

(aj Deficiency effects 

(b) Properties 

(c) Sources 

(d) Assay and uxutage 

(e) Hequirements 

III Vitamin B Complex 
<a) Thiamiae (Bi) 

(b) Riboflavin (Bj) 

(e) Niacin (oicotioamide) 

(d) Pyndoxme (Be) 

(e) Pantothenic aud 
(0 B.* 

IV Vitamin C 

(a) Functions and deficiency effects 

(b) Sources 

(c) Assay and umtage 

(d) Requirements 


V. Vitakim D 

(a) Functions and deficiency 

(b) Sources 

(c) Assay and unitage 

(d) Requirements 

VI Vitamin E 
VII VitaminK 
Vlll Vitamins in Nutrition 

IX Milk 

(a) As a food 

(b) Compositioo 

(c) Modified milk 

(d) PasteunsatiOD 

(e) Lactic and milk 
(D Fuel value 

(g) Protein content 

(h) Mineral content 
(l) Vit amin cOntCDt 


I. INTRODUCTORY DISCUSSION 

Dziring the early yeare of the present century it was found that 
a diet consisting of pure carbohydrates, fats, and proteins, together 
with the necessary minerals and water, was not an adequate one. 
Animals fed on such a purified diet did not show proper growth, 
and failed in health. The addition of small quantities of natural 
foods, such as butter and milk, usually corrected such conditions 
and health and growth became normal These natural foods were 
thought, therefore, to contain certam factors essential to correct 
nutrition. 

Some of the first experiments in this phase of nutrition were 
conducted by Funk, a Polish idiemist. Funk succeeded in extract- 
ing from rice polishings a substance which was highly effective in 
combating a disease known as beriberi, which is contracted through 
faulty diet. His analysis indicated that this substance was an 
amine, and inasmuch as it appeared to be essential to life he coined 
the name “vitamine ” This word has since been changed to 
573 
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“vitaimn,” and it is now applied to a senes of substances which 
are essential to proper nutation without regard to the chemical 
structures of the substances 

Ihe study of vitamins has become an extremely important de- 
velopment m the field of foods and nutntion It is now known 
that a number of diseases whidi were prevalent in the past were 
due to a lack of certain vitaaiina or “food accessories ” Scurvy, 
benben, and rickets are typical examples of the deficiency dis 
eases, and as such they can be correct^ by proper dietary treat- 
ment 

Vitamins and Hormones* 

In a number of respects the vitamins are similar to the body 
hormones Thus, hke the hormones they exhibit specific activities 
are effective m small amounts and m general are essential for the 
proper growth and health of the body In fact, the term “food 
hormones” was at one tune proposed for vitamins However, it 
must be kept m imnd that the vitamins are supplied normally in 
foods, whereas the hormones are synthesized in the body itself 
Certain 6 vitamins, and vitamin K, are synthesized to a limited 
extent m the intestines by bacteria! activity on food residues 
Studies have proven that vitamins hormones and body enzymes 
operate in close association to control metabolism 

Vitamin Complexes 

The number of vitamins has grown rapidly m recent years until 
at the present time some twenty to twenty five accessory food 
factors are recognized Undoubtedly more will be discovered In 
some cases what at first was considered to be a smgle vitamm has 
proven under further investigation to he a complex consisting of a 
number of mdividuals, each possessing specific activities For il 
lustration, the original vitamm B is now known to be a complex 
of some eight or ten different factors The correct terminology, 
therefore, is vitamins B, or the vitamin B complex Members of 
a cDinp’iex are bSten ’anown Viy \irtar Tootres, fa. 

ample, thiamine hydrochlonde and riboflavin are two members of 
the B complex 

One of the earhest classifications of vitamins was made on the 
basis of solubility m water and in fats This classification con 
tmues to have ment, and vitamins are characterized as water 
soluble or fat soluble. 
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Vilainin Assay: 

The rat has been widely used to determine the vitamin content 
of foods and the potency of vitamin preparations, and to study 
the symptoms arising from dietary deficiencies. Rats in most in- 
stances react as do hiimans to variations and deficiencies in the 
diet. One noteworthy exception occurs in the case of vitamin C; 
rats require little or none, and for this reason they are not suitable 
pnimnlfl for investigating this factor. In this connection the guinea 
pig has proven valuable as a substitute for the rat. 



Rg 1— Roh Used in Diet Oeficienqr Tests. Rats ore used In biological assays 
to determine vitamin strength. Why are rats used in preference to most other 
animals^ Courtesy, Notiona/ O'l Products Co 


When animals are used in the study of a specific dietary deficiency 
a control group is given a diet which is adequate in ^ respects, 
while a similar experimental group is provided with a diet adequate 
in all respects except one — it is lacking in the single factor or 
vitamin to be studied. All nTriTnntH are weighed at regular periods, 
and conditions such as health, appearance of skin and hair, activity, 
appetite, sex response, etc. are carefully noted. In time those on 
the experimental diet lose weight and develop characteristic syinp. 
toms which can be attribute to the absence of the vitamin 
(avitammosu). 
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The use of experimental arnmala for the determination of vitamm 
content and the study of deficiency symptoms usually gives ex 
cellent results Unfortunately such biological methods are time 
consuming, several weeks must elapse before conclusive data are 
available Gradually, as the diemical structures and reactions of 
the vitamins are revealed, chemical methods of testing for potency 
become feasible The vitamin C aintent of a food, for example 
can now be determined rapidly and with considerable accuracy by 
methods of quantitative analysis This is possible because vitamin 
C is a pure chemical substance known as 1 ascorbic acid, and as 
such it exhibits a characteristic chemical behavior It must be 
emphasized that the biological methods of assay which employ 
experimental animals are today very important and widely used 
The newer analytical methods of chemistry are not displacing but 
rather supplementing, the older approach 

Vitamin Unitage 

Vanous methods are m use for expressmg the vitamm content 
of foods and diets m speafic units of measurement The procedures 
used for detennmmg vitamin potency have been varied for this 
and other reasons considerable confusion has arisen in vitamm 
unitage As the chemical structures of the vitamins become known 
It IS desirable to express the quantities and requirements m terms 
of weight of pure substance Several examples may be helpful 
here At one time the unit of vitamm C was defined as ' that 
amount which, when fed as a daily allowance, just suffices to afford 
full protection from scurvy m a standard gumea pig ” A more 
accurate umt is the International unit (I U), this is defined as 
0 05 miUigram (mg ) of pure crystallme 1 ascorbic acid (vitamm C) 
The I U IS identical with the Umted States Pharmacopoeia unit 
(U S P unit) In some more recent tabulations of vitamm require 
ments the recommended daily allowance, when possible, is stated 
in milligrams or nucrograms of pure substance (1 milligram is 
equal to 1000 micrograms ) 

SEIF-TESTING QUESTIONS 

1 From the foregoing discussion formulate a definition for vitamins 

2 Why were vitamins onginally called vitaminea ? Why was the name 

changed^ 

3 In what respects are vitamins and body hormones similar? Wherein 

do they differ? 
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4 What 13 the meaning of a vitamin complex^ 

5 From the standpoint of solubility, what are the two mam classes of 

vitamins'^ 

6 Outline the steps in the biological method of vitamm assay 

7 What are the various systems in use for designating amounts of vita 

rnins"^ 


11 VITAMIN A 

Vitamin A is a fat soluble factor, and is known also as the anti- 
xerophthalmia vitamin This substance has been isolated m pure 
form and the chemical structure haa been established Vitamin A 
IS a complex, high molecular weight, primary alcohol which con 
tains a six carbon atom nng 

CH3 CHs 


/ \ 

HiC C-CsC — C=:C-C = C-Cs:C-CH20H 

I II I I I I I I I 1 

{ 11 H H CHsH H H CH^H 

HjC C—CHa 

\ / 

c 

Ha Viomln A 


Not only vitamin A, but a number of substances called its pre 
cursors are found m nature Tlie precursors may be termed pro 
vitamins in the animal body they are broken down to provide the 
active vitamm The four recognized precursors of vitamm A are 
the « , p , and y carotenes, and a carotenoid called cryp 
toxanthin p Carotene is the most abimdant of the provitanun 
A group, it IS available commercially in an oil solution which can 
be employed to correct vitamin A deficiency There is some evi 
dence that there are two varieties of this vitamin and the designa 
tions Ai and As may become nece^ary 

Deficiency Effects* 

As pomted out by the term “anti xerophthalmia factor,” a lack 
or defiaency of this vitamm m the diet over a penod of tune results 
in an eye disease Xerophthalmia is apparent as dryness and scab. 
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ness of the skin and an increased susceptibility to eye infections 
One of the symptoms first noticed fa nyctalopia or “night blind- 
ness”; this results when there is a lag in the regeneration of the 
visual purple which fa essential for dear, sharp vision. As a matter 
of fact, the degree of night blindness, or impairment of adaptation 
to darkness, can be used clinically as a measure of vitamin A de- 
ficiency. 

Severe vitamin A deficiency leads to disturbances other than 
ocular. The respiratory, alimentary, and genitourinary tracts may 
be affected through the replacement of normal epithehal tissue 
with pathological tissue In general, body resistance to various 
types of infection is lowered. This function of vitamin A has led 
to the use of the term “anti-infective” vitamin. However, vitamin 
A must not be considered as a specific remedy for colds, respiratory 
afihctions, and related disorders; in itself it cannot destroy disease 
bacteria The vitamin fa anti-infective in the sense that it aids in 
maintaining healthy epithelial cells and tissue; this is the body’s 
first line of defense in resisting infection. 
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Properties: 

Vitamin A is insoluble in water, but soluble in fata and oils. 
Experiments have proven that it is fairly stable to heat, and to 
acids and bases It is, however, destroyed by free oxygen and other 
oxidizing agents. Ordinary cooking procedures do not destroy 
vitamin A to any appreciable degree. 

Sources: 

Vitamin A and its precursors are abundantly supplied by nature. 
In plants there is a correlation between greenness and yellowness 
of color and the vitamin A or carotene content Green leaf lettuce. 



c 


Fig 3 — ^Vitamin A Deficency (A) A rot r«c«(vmg his daily treatment (&) Typical 
eye infertjon due to lock of yilamm A. |C) Twin rats with differences m growth 
due to Wtamki defldenctes. 
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cabbage, peas, and green beans are rich sources. Carrots and sweet 
potatoes are also excellent sources; during World War 11 carrot 
juice was prescribed for aviators to combat night blmdness. 

Certain foods from animal sources supply vitamin A in good 
amount. The fish liver oils such as cod and habbut have long been 
used to supply vitamin A. Butter, whole milk, and eggs are im- 
portant sources. Vitamin A can be stored in the body, largely in 
the liver, for a considerable time. 

Assay and Untlage: 

Vitamin A gives an mtense blue color with antimony chloride; 
consequently it becomes possible to determine vitamin A content 
colorimetrically with this reagent Spectrophotometric methods of 
assay, based upon absorption of ultraviolet fight, are coming into 
prominence. Biological methods which employ rats are widely 
used despite the fact that weeks are required for collecting data. 

The international um't (I.U.) of vitamin A, identical with the 
U S P. unit, is defined as the growth promoting activity for rats 
of 0.6 microgram (0 0006 milligram) of standard i9-carotene. 

Requirements: 

The recommended minimum daily allowance of vitamin A is 
generally given as 5000 I.U. for adults and children ahke, with a 
somewhat greater quantity, about 8000 I.U., recommended for 
nursing and pregnant women. One to two teaspoonfuls of codliver 
oil will supply this amount 


Rg 4— A Deficiency Cauiei Infection. Illos- 
Iroting a cose of xerophthalmia due to lock 
of vitamin A A deficiency of vitamin A may 
produce whof other Infeetlonj? Cour/ery, 
iofin Anderron Thurron 
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SELF-TESTING QUESTIONS 

8 What IS a provitamin'^ Illustrate What other name applies to such a 

substance*^ 

9 In what sense is vitamin A anti infective^ 

10 What IS night bhndnesa'^ Give the medical term for this 

11 Give at least three different ways of testing for vitamin A 

12 What pure chemical substance is used as a reference m vitamin A 

unitage? State the relationship of this substance to vitamin A 


111. VITAMIN B COMPLEX 

Early in nutritional studies it was found that a substance present 
in nee polishings was effective m overcoming polyneuritis in pigeons 
and benben in man In the past benben has been a major disease 
m the Orient Takaki, a Japanese naval medical officer, demon 
strated that benben could be cured and prevented by correctmg 
the diet The active factor which accomplishes this was given the 
name vitamin B Further investigation has shown that what was 
at first supposed to be one factor is m reality a complex All mem 
bers of this complex are water soluble Some are essential m human 
nutntion, others prevent nutntional diseases m animals The best 
known and likely most important members of the complex are 
noted hem, and will be considered m order 

Thiamine (vitamin Bj, thiamme hydrochloride, aneurm) 
Riboflavin (vitamin Bj, vitamm G) 

Niacm (mcotmic aad, nicotinamide, P P factor) 

Pyndoxine (vitamm Be) 

Pantothenic acid (filtrate factor) 

B|2 

Thiamine (B|) 

impcttsat iseasber of the ittsmat B compies is Inowir as- 
the anti neuntic vitamin, anti benben vitamin, aneunn, and ap 
petite stimulating vitamin, and by the chemical name thiamine, or 
thiamme hydrochlonde The substance was first extracted in pure 
form from nee polishings, and shortly thereafter, in 1937, its 
chemical synthesis was announced The structural formula for 
the hydrodilonde is presented below It is important to note that 
thiamme contains the elements N, S, and Cl, in addition to C, H, 
and O, and that like vitamm A it is a complex, high molecular 
weight, -pnmaiy alcohol 




582 


B/oc/iemiifry 


CHs 

N=C— NHaHCI | 

II C = C-CHa-CHaOH 

-C C— CHa— I 

!i II l\ I 

N-C-H a CH—S 

ThIaminB Kydrodibnd« {Bi) 


Functions and Deficiency Effects: Certain names for thia- 
mine noted above suggest the nature of the patholopcal conditions 
which result when there is a deficiency of the vitamin in the diet. 
The disease of polyneuritis, known as beriberi in man, is specifically 
associated with a lack of thiamine. Polyneuritis can be produced 
in animals by withholding thiamine from the food. A deficiency of 
Bi is at first evidenced by a loss of appetite, weakness, fatigue, loss 
of weight, and impaired digestive processes. In more serious cases 
the advanced symptoms are polyneuritis (beriberi in man) and 
cardiovascular disturbances It has been shown that thiamine is 
essential for the proper functioning of the nervous system and the 
gastrointestinal tract. There is generally accepted evidence that 
thiamine is required for the proper metabolism of carbohydrates. 
In the absence of the vitamin the pyruvic acid which is produced in 
the breakdown of carbohydrates is not oxidized, but accumulates 
in the body and produces neu- 
ritic conditions. 

While there are but few instan- 
ces of beriberi in this country 
there Is nevertheless little doubt 
but what a considerable pro- 
portion of the population suffers 
at one tune or another from 
marginal thiamine deficiency. 
Vitamin Bi cannot be stored in 
the body for any appreciable 
length of time, but must be fur- 
nished rather continuously in 
properly selected foods or sup- 
plementary preparations. The 
lughly refined foods of today are 

Ftg 5 — ^Vifomin B Complex Deficiency 
(Thiameie] Beriberi Legs 
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Fig 6 — ^Vitamin Bi (Th am ne Chloride) Prolonged defciency of th s v tomin checks 
growth in young animals causes loss of oppet te and results in degenerative 
changes in the nervous system (left) Administration of two to three International 
un ts (0 006 to 0 009 mg ] of th amine chloride will cure the symptoms (right) 


usually deficient in thiamine 
Properties Thiamine is a 
water soluble factor It is quite 
stable up to a temperature of 
100® C in acid medium, but ex- 
perimentation has shown that it 
IS destroyed by heat m neutral or 
alkaline solution 
Sources The best natural 
sources of tbiamme are the whole 
cereal grains, liver, lean meat, 
nuts, yeast, and a number of the 
green vegetables 

Modem processes m nuUmg 
grams for the production of re- 
fined flour may remove up to 90 
per cent of the onginal thiamine 
content of the whole grain As a 
result of decortication of gram, 
prolonged cooking processes, and 
ibfe ■wasfctag xA bqxrors, 

the thiamine content of raw foods 
may be removed or destroyed to 
sudi a degree that the diet is 
deficient m this factor 


Rg 7— Girl with Beriberi as a Result af 
Vifam n B Defc ency Why should vitam n 
B be included in our d et^ Courtesy 
CLINICAL P£DIATRIC5 Applehti CenlWyCo 
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Assay and Unttage A vanety of methods have been developed 
for the detection and assay of thiamme The biological rat curative 
method is rehable, but time consummg The oxidation of thiamine 
with potassium femcyanide produces a fluorescent compound 
named thiochrome, and the mtensity of the fluorescence is a measure 
of the thiamine content Thiamin e has been found to hasten cer 
tarn alcohohc fermentations promoted by yeast, and this affords a 
method of assay In addition there are a number of colorimetric 
procedures 

The U S P umt of vitamin B|, which is identical with the I U , 
13 defined as the vitamin Bi activity of 3 0 micrograms (0 003 milli 
gram) of standard thiamine hydrochlonde 
Requirements The recommended daily allowance of thiamine 
ranges from 700 to 900 I U , depending upon sex, age, etc Tliis 
amoimts to from 1 0 to 2 0 milhgrams 


Riboflavin (82) 


Riboflavin, vitamin Bi, is one of the heat stable factors of the 
vitamm B complex In the past it has been known as vitamm G 
Riboflavm has been isolated from natural sources, and its chemical 
structure has been proven through synthesis There are several 
important groups m the nboflavin molecule, among them one de 
rived from a sugar called nbose The structure of nboflavin is 
given below 
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DEFictENCr Effects; Symptoms of j'nsuiBaenC riboflavin are 
lesions at the corners of the mouth accompanied by a characteristic 
reddening of the lips; the latter condition is termed cheilosis. 
Usually these conditions are promptly relieved by riboflavin 
therapy. Lesions about the eyes, keratitis, and a skin condition 
terro^ “sharkskin” can often be traced to a riboflavin deficiency. 

Sources; Riboflavin is of fairly wide occurrence in natural foods; 
in general, sources rich in Ihiamlne also supply riboflavin. Lean 
meats, green top vegetables such as beet tops and kale, and whole 
grains are excellent sources. Riboflavin is stable towards heat, 
especially so in acid medium. Its stability is greatly decreased by 
alkali, lake thiamine it cannot be stored in the body for any 
length of time. 

Assay and Unttage: Rat curative methods continue important 
in riboflavin assay. Riboflavin fluoresces under ultraviolet light. 



Fig. 8— Riboflavio. This pari cf vitamin B complex Is etsentiol to the consumption 
of oxygen by body cells, promotes growth, and Is necessory for skin health. Rat 
with dermatitis (left) cured by riboflavin (right). 


f>Tir( the intensity of such fiuor^(»nce becomes a measure of the 
riboflavin concentration. Recently a microbiological method has 
been developed which depends upon the fact that certain lactic 
acid bacteria require this vitamin in their production of lactic acid. 

No International or U.S.P. umt exista for riboflavin. Inasmuch 
as the pure substance is available, requirements, etc., can be stated 
in terms of milligrams. 

Requirements: It is known that riboflavin is essential to man, 
and to dogs, cats, rats, and chicks. The suggested daily allowance 
for humans is from 1.0 to 2.5 miUigKims. 

Niacin (Nicotinamide): 

Niacin fa the most recent name for a member of the vitamin B 
complex which fa known also as nicotinic add, nicotinamide, and 
Goldberger’s P-P factor (pellagra-preventive). Long before niacin 
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was found to function as a vitamin its structure and methods of 
preparation were known to chemists 


C c— H 
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Nacnam da 
{K-cotnon da) 


Functions and Deficiency Effects Niacin is a specific cure 
for blacktongue m dogs and its analog, pellagra, in man Pellagra 
13 a disease which prevails espeaally among the poorer people of 
southern Umted States who subsist on a diet which may be largely 
com meal, fat pork, and molasses This disease 13 also known in 
central and southern Europe Pellagra is cbaractenzed by sbn 
lesions, diarrhea, and roent^ disorders, or as Harris states, by the 
three d’s — dermatitis, diarrhea, and dementia People afflicted 
with pellagra are invariably cured when fresh meat, vegetables, 
etc I are added to the diet Niacm has been found as a constituent 
of certain coenzymes which function m cellular respiration 
SotmcES The best sources of macin are the fresh organ meats 
such as hver, heart, and kidney, and also yeast, fish, whole wheat, 



9— Neotnc Ac d Is a Cure for Pella«ro left hand of pellogro vicf m 
showing the fr ghtful sk n cond tlon wWdi b one of the symptoms of the disease 
Right hand of some vict m after treolmwit w A nleoflnle acid 
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milk and eggs It is one of the most stable of the vitamins and is 
very hftle affected by heat, aad, and alkah Very httle, therefore, 
IS lost m ordmary cooking methods except when cooking hquors 
are discarded 

Requirements There is difficulty in determining wiUi any de 
gree of accuracy the amount of niacin needed m human nutrition 
The recommended daily allowance is from 4 0 to 20 0 milhgrams, 
depending upon age, sex, activity, pregnancy, etc 

Pyndoxine (Be) 

Pyndoxine, vitamm Be, bears a structural relationship to niacm, 
masmuch as both are derivatives of pyndine 


CH2OH 
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CH2OH 
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Pyndoxn* (8<) 


A deficiency of this factor m the diet of rats causes a dermatitis 
which IS accompamed by considerable swelhng and edema, espe 
cially of the paws, ears, nose, and bps The condition is described 
as acrodynia, and it bears some resemblance to pellagra Granting 
that pyndoxine is necessary in human nutrition, and this has not 
been conclusively proven, its function is not as yet established 
Like other better known members of the B complex, pyndoxme 
has been synthesized and it is available m pure form 

No specific requirements have been established 

Panloihenic Acid* 

A defiaency of this member of the vitamin B complex in the diet 
of chicks results in a dermatitis, mcrustations at the comers of the 
mouth, and skm inflammation When the diet is lacking m this 
factor young rata and certain other experimental ammals show 
dermatitis, retarded growth, and graying of the hau: When panto 
theme acid is restored to the diet the grayness is replaced by the 
original color This has quickened pubhc mterest m pantothemc 
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acid There is, however, no very positive proof that the acid pre 
vents graying of the hair of humans 



CHs 


c — 

I 

CHs 


CHOH — CONH — CHz ~ CH 2 — COOH 


PonMKentc AcM 



Pg 10— Panteth«n c (Piltrol* Poctor) Defeleney ef Ihls vitomln causes 
dermat 1 1 In ch ckens (left) The ch cken heob ropldly fellawmg the edmlnistrat on 
of 10 mg daily of this foctor 
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RECOMMENDED DAILY DIETARY ALLOWANCES^ REVISED 1963 

Food and Nutrition Board, National Academy of Sciences — 
National Research Council 

Designed for the maintenance of good nutrition of practically all 
healthy persons in the USA 

(Allowances are intended for persons normally active m a temperate climate) 



■ The allowance levcla are intended to cover indivKlual vanationa among most normal persona 
aa they live in the Umted States under usual eDViroomenlal sireaaes The recommended allowances 
can be attained with a variety of common foods providing other nutnents for which human requiro- 
mentahave been lees welldehned See teat for more detailed diacueaioo of allowances and ofnutnenta 
not tabulated 

> Entries od lines for age range 1S-S5 years repr e s e nt the 2*i year age All other entries represent 
allowances for the midpoint of the specified age penoda Le line for children 1-3 is for age 2 years 
(24 months! 3-6 is for age 4H yean (54 mootbe) etc 

■ Niacin equivalents uclude dietary eourcea of the preformed vitamin and the precuraor tryp- 
tophan. 60 mg tryptophan representa 1 mg niacin. 

* Tlhe ri&lrvae ^imtfun jdlAwanrsiit per Xr Air mfanta am rnnaidared to darjvaao prpgrtan'yeijf 
from birth Allowances for calcium thiamine nbollavu and niacin increase proportionately with 
calones to the maxunum values shown. 

* 1000 I U from preformed Vitamm A and 4000 lU from heta.carotene 


Pantothenic acid is thought to be essential in human nutrition, 
possibly in the utilization of other members of the vitamin B 
complex; it is known to be a part of coenzyme A. The substance 
is commercially available in the form of the calcium salt. ,No 
standards have been proposed. Natural sources of other members 
of the B complex usually provide pantothenic acid. 
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Vitamin (Cyanocofaalamin) 

This vitamin was announced in 1948 as a new member of the B 
complex. The compound has been isolated from commercial liver 
extracts as a red, crystaLhne, heat stable substance It produces a 
positive hematological response when administered to mdiyid ufllo 
afilicted with pernicious anemias, nutntional macrocytic anemia, 
or sprue. Thus the physician now has at his command another 
agent for treating anemias An interestmg pomt is that chemical 
analysis of vitamin Bis shows the presence of cobalt Liver, milk, 
cheese, egg yolks and meata are sources of this vitamin. 

In addition to the members of the vitamin B complex just con- 
sidered, a number of others are known None of these has as yet 
been proven essential in the human diet, but certain ones are re- 
quired by animals. Some of these factors are choline, mositol, 
biotin, para amioobenroio acid, and fobc acid. 

SELF-TESTING QUESTIONS 

IS. Wliat elements are found ut vitamin B which do not appear m vita- 
min A? 

14 In what manner u carbohydrate metebolum disturbed when there u a 

deflaency of thiamine'^ 

15 State the eCTects of heat and pH of medium on thiamine 

16 Are membera of the vitamm B complex stored m the body? Can you 

advance a reason for ihis^ 

17. Give the cbemical names Tor the better Jcnown members of the vitamin 

B complex 

18 Which members of the vitanua B complex are known to be essential in 

human nutntion? Give the deficiency symptoms of each 

19 What IS the significance of the prefix nbo' lo the name riboBavia? 

20 I<i it possible to prevent gray hair in humaoa by the use of vitamins’ 

21. Which member of the vitamin B complex is associated with the 

“three dV? 

22 What IS cheilosis? 

23 Why has pellagra been more prevalent m the southern states than in 

the nortbem states of the US’ 

24 What la the objection to decortication of cereal grama’ Why w it 

done’ Discuu 


IV. VITAMIN C 

Scurvy, the disease which results from an extreme deficiency of 
vitamin C, has been known for hundreds of years. Benben and 
scurvy in all probabihty were the first diseases to be attributed to 
dietary deficiencies. In past centuries sailors on long voyages were 
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often deprived of fresh fruits and vegetables for weeks at a time, 
and as a result many were stricken with scurvy and died from its 
effects. Vitamin C is also known as the anti-scorbutic vitamin, 
cevitamic acid, and 1-ascorbic acid, the latter is the chemical name. 


Functions and Deficiency Effects: 


The earlier and milder symptoms of ascorbic acid deficiency are 
general lassitude, soreness of gums, defective teeth, sores in the 
mouth, etc. These might be called symptoms of subacute or mar- 
ginal deficiency. In advanced stages there is a reduction in the 
formation of intercellular substance, a cementing material impor- 
tant in capillary walls, cartilage, and teeth. As a result tissue struc- 
ture is weakened, blood capillaries tend to hemorrhage, lesions 
appear in the bone marrow, and teeth may loosen. 

It has been proven that man, monkeys, and guinea pigs require 
1-ascorbic add. Other animals apparently do not require it, or 
possibly have the ability to synthesize it. 

In point of chemical structure l-ascorbic acid is an oxidized form 
of a hexose sugar. lake members of the vitamin B complex it is a 
water-soluble factor. 1-Ascorbic add is an active reducing agent, 
and as such it is oxidized by loss of hydrogen to give debydro- 
I-ascorbic add. The latter, in turn, is easily reduced to 1-ascorbic 
add. This oxidation-reduction s>^tem of l-ascorbic add and 
dehydro-l-Bscorbic add is thought to play a role in reactions which 
occur in the tissues. 
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Sources: 

Vitamin C has as its richest natural sources dtrus fruits, peppers, 
raw cabbage, and tomatoes. Little if any is found in dry cereal 
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graina, meat, and eggs. Cow’s milk containa on the average small 
quantities, with considerable variation depending upon the season 
of the year. This vitamin becomes espedahy important in the 
diets of bottle-fed babies since cow’s milk is much poorer than 
breast milk in I-ascorbic add. Added to this is the fact that heat- 
ing milk to sterilize it is somewhat destructive of the vitamin. 
Orange juice in the infant’s diet insures an adequate supply. The 
nursing mother should likewise be well supplied with I-ascorbic 
acid. Tests have proven that a aubstantial percentage of vitamin 
C is destroyed in cooking, largely the result of the fact that it is 
easily oxidized. As much as three-fourths of the vitamin C content 
of fresh vegetables may be destroyed by boiling for one-half hour. 



Fig. 12— Vitamin C Oefldeney of this vitamin }«od» to th* development of tnirvy, 
itiown of tfie (eft. The doeose (s cored o» toon o» fresh vegetobfet and frvtti 
ere made o parr of the diet (right). 


Assay and Unitage: 

Guinea pi^ instead of rats serve as test animals in biological 
assays of hascorbic add. Several methods of chemtca) analysis 
have been dev^d. One of these employs a dye, 2,6-dichloro- 
phenolindophenol, for titrating the vitamin. Methods have been 
developed for determining the 1-ascorbic add content of the blood 
and urine. All chemical methods of analysis are dependent upon 
the fact that l-ascorbic acid is a reducing agent. 

The I.U. and U.S.P. unit of 1-ascorbic acid are identical, and 
may be defined as the anti-scorbutic activity of 0.05 milligram of 
standard I-ascorbic acid. Dietary requirements are usually stated 
in terms of weight of the acid. 

Requirements: 

The recommended daily allowance of vitamin C varies from 
30 miHigrams for infants to 100 milligraxns for adults. Even 
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greater amounts are recommended durmg pregnancy and nursing 
1 Ascorbic acid is produced commercially and is available in 
various pharmaceutical preparations 


SELF.TESTIN6 QUESTIONS 

25 Why were sailors especially susceptible to a vitamin C deficiency’ Can 

you advance a reason for the practice of calling sailors limeys ? 

26 Is the rat a suitable test ammal for 1 ascorbic acid studies’ Discuss 

27 In 1 ght of the effect of heat on vitamm C how should a housewife 

mod fy cooking procedures? 

28 What rather common type of diet may lead to a marginal scurvy’ 

29 How are infants and growing children protected from vitamin C 

deficiency’ Why la this especially important for bottle fed babies’ 


V VITAMIN D 


Vitamm D is the factor associated with the disease known as 
ickets hence the term “anti rachitic ’ vitamm There are a num 
ber of substances called sterob which possess anti rachitic value, 
but only two of these warrant consideration One is ergosterol, a 
provitamin which under irradiation gives vitamm Ds and the 
second is 7 dehydrocholesterol, also a provitamin which upon 
irradiation provides vitamm D3 Vitamins Dj and D3 are very 
similar in chemical structure Vitamin D2 is known as calciferol 
the structural formula appears below All members of the vitamin 
D group are fat soluble 
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Functions and Deficiency Effects 
A defiaeucy of vitamm D in duldren results m an affliction 
called rickets Improper calcification of bones charactenzes this 




Fig 13— Vilomln D Defle5«ncy. Scoliows Covrt*«y, Theroptuhc Note* 


disease. Rachitic bone structures are soft eind elastic; this leads to 
various deformities commonly described as bowlegs, knock*knees, 
beaded ribs, and pigeon breast. Poor teeth and dental caries can 
ofttimes be traced to improper calcification arising from insufficient 
vnJanraxl?. 

In adults a deficiency of this vitamin may disturb the caldum 
and phosphorus metabolism to such a degree that a softening of 
the bone structures becomes evident The term osteomalacia ap- 
plies to such a condition. Blood analyses on rachitic individuals 
show a low phosphorus but a normal calcium content. 
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Vitamin D, therefore, is essential for the proper utilization of 
calcium and phosphorus, elements necessary for bone structures. 
Merely to provide the body with adequate supplies of minerals 
which contain these elements is not enough. Vitamin D must also 
be present for their proper metabolism. 

Sources: 

Ergosterol, provitamin D 2 , is found in ergot and in yeast. It is 
activated by exposure to ultraviolet light to give vitamin D 2 or 
calciferol. Irradiated ergosterol fa sold imder the name viosterol; 
it provides vitamin D but not vitamin A as fa sometimes errone- 
ously supposed. 7-Dehydrocholesterol, provitamin D 3 , is present 
in the skin, and its irradiation produces active vitamin D3. 

The best natmal sources of vitamin D are the fish liver oils, of 
which cod liver oil fa the best known. Egg yolk and butter are fair 
sources; however, the majority of natural foods are low or com- 
pletely lacking in vitamin D. 



Rg 14— Vitomin D Deficiency. 
Rickets. Courtesy, Iheropeuiic 
Notes 
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In evaluating this vitainin in human nutrition it must be recog- 
nized that bright, direct sunlight is essential for the conversion of 
the sterol of the skin into an active form, that foods for the most 
part are lacking in this vitamin and its precursors, and that it is 
essential for the proper utilization of calcium and phosphorus in 
building bone structures. Modem living conditions too often de- 
prive us of direct sunlight, and when such is the case supplemen- 
tary sources of vitamin D should be utilized. This is especially 
important for infants and children Some advances in overcoming 
vitamin D deficiency have been made by the practice of adding 
irradiated ergosterol to milk and certain other foods. Vitamin D 
is relatively stable and the usual cooking procedures and storage 
of foods destroy very little of it. 

Assay and Unitage: 

The biological method is the one usually employed for the de- 
termination of the vitamin D content of foods. Young rats and 
chicks are used in the experiments. Rickets is produced in young 
rats by the use of a so-called rachitic diet, a ty^ which is tdgh in 
calcium, low in phosphorus, and free from vitamin D, but adequate 
in all other respects. Rickets appears within a few weeks. The 



Fig 15— The boy with school Iwneh Is m decided controst to the underprivileged 
boy, 0 victim of molnufrifion About bow mony eolories should be provided daily 
for a growing boy? Courtesy, U S Dept of Agrxulture 
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Rg 16 — Chick«ns Are the Largest Comwnt«n ef Vitamin D. Notice the difference 
In bone growth of chicks fed on o control diet (upper group), and those fed with 
food Irradiated to produce Vitamin O How does vitamin D promote growth? 
Courtesy, dw Pont Company 

rachitic rat is then given the food whose vitamin D potency ia to 
be determined, and the calcifying effect on the bones is studied. 
Such observations may be made by use of the x ray, or by killing 
the animal and studying the calcification in split sections of the 
bones. 

Another assay procedure is the quantitative determination of 
the amount of bone ash in bones. Rachitic bones yield consider- 
ably less ash than normal bones. 

The I.U. of vitamin D is the same as the U.S.P. unit, and is 
defined as the vitamin D activity of 1.0 milligram of a standard 
0.01 per cent solution of irradiated ergosterol (calciferol) in olive 
oil. One gram of cod liver oil contains on the average 100 I.U. 

Requirements: 

The recommended daily allowance for children is 400 I.U. This 
amount is not supplied normally in the diet. The vitamin D require- 
ments for adults have not been established; it is undoubtedly 
necessary, and when not available through sundiine it should be 
provided up to 400 I.U. Women during pregnancy and lactation 
should receive between 400 and 800 I.U. as a daily allowance. 





598 


Biocbemisiry 


SELF-TESTING QUESTIONS 

30 Why is additional vitamin D generally recommended for infanta and 

children but not for adulta? 

31 Name the precursors of the two vitamins D considered here and state 

how each la activated 

32 Outhne the various symptoms of severe rickets 

33 How does vitamin D aid in proper mineral metabolism? 

34 Vitamin D is sometimes caUed the sunshine vitamin ’ Discuss 

35 How la the biological method of vitamin D assay conducted'^ 

36 In what important analytical respect do normal and rachitic bones 

differ? 

37 Why should an indmduala occupation and geographical location be 

considered in vitamin D requirements'^ 

38 Why might activated cod Uver oil be preterable to viosterol for 

youngsters? 


Vi. VITAMIN E 

Diets deficient in vitamin £ produce sterility in rats In the 
male rat steribty is due to degeneration of the germinal epithelium 
and destruction of spermatozoa The female rat deprived of this 
vitamm shows normal conception and formulation of the ovum, 
however resorption of the fetus occurs In addition to its part in 



Fig 17— Vitamin E. This v tomln eootreb number of babies In a litter of rots 
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reproduction there is evidence from work with experimental ani- 
mals that a lack of vitamin E causes atrophy of the voluntary 
muscles. This condition is termed muscular dystrophy. 

There are at least three closely related substances which exhibit 
vitamin E activity. These are named a-, p-, and 7-tocopherol. 
The first of these, a-tocopberol, is the most potent and is now 
available commercially. All are fat-soluble factors. 
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Vitamin E has a widespread occurrence in the natural foodstuffs. 
Wheat-germ oil is the best known source; other vegetable oils are 
excellent. Green leafy vegetables and whole grains are likewise 
important sources. Vitamin E is highly stable toward heat, acid, 
and alkali, but it is susceptible to destruction through oxidation. 
When fats and oils become rancid through oxidation the vitamin 
E content suffers. 

No suitable unit of vitamin E has yet been established, in fact 
it remains to be proven that it is essential to the reproductive 
processes in man. Clinical data as yet are not conclusive. 

Vlf. VITAMIN K 

Vitamin K is the anti-hemorrhagic factor. A deficiency of the 
vitamin leads to a prolonged coagulation time of the blood. As a 
result there is a tendency for subcutaneous hemorrhage. Pro- 
thrombin IS required in the normaf cfottihg of blood, and investi- 
gations point to the fact that vitamin K is essential for the pro- 
duction of prothrombin. 

In cases of obstructional jaundice in man there is a lack of bile 
fluid, and it becomes impossible for vitamin K to be properly ab- 
sorbed from the intestine. This leads to a reduction in the level of 
vitamin K in the bloodstream, and surgical operations may prove 
fatal because of hemorrhage. In such cases physicians administer 
vitamin K to the patient for several days prior to the operation in 
order to maintain a safe prothrombin level. 
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DATA ON SOME VITAMINS 


Namts 1 

Vtfititney Synptome 

Principal Functlont 

Bert Sources 

VUoamA 

AnU leropbthatmift I 
viUinlA 

(^-Cuot«D» the c^ct 1 
precureor) 

Fat-eolubla | 

Eya infectiona 

Kigbt bliodnaaB 
Ratardsd cco**th 
Lovsvred miaUtica to 
isfeetiona 

MawUiuaca of tiofinal 
infection res etlat tia- 

Proper {uBctioni&f of 
vfaual purple 

Promolea growth 

Oreea leafy vegets 

Vellow vegetables 
Fish liver nllt 

Butter 

Vitamin Bi ' 

T^ufluse b/tlrocblo- 
ride 

Aotl oeuritic viteruln 
WaUr-eoIufale 

Digeatlva diaturbaacca 
Retarded froatb 
Polyncuntia 

Beriberi 

Siimulaiea appetite 
I^motea irowth 

Proper metaboliem of 
carbohydratee 

Normal (natne and in 
teetinal activity 

Veaet 

IVhole cereal graioc 

Pork 

lever 

V'llanin Bt 

RibotUvin 

Viljirma G 

Witer-eoIuUe 

Impaired froerth 
Laaiutuda and weak 

Piaeurea at caouth 
(cheiloeia) 

Normal growth 
Prevention of cbeiloeli 

Veaet 

Whole grslne 

Green leafy vegeta 
blea 

Organ toMU (liver 
etc) 

Nieetuue ecld 
Nicstiaamid* 

Anti p«U<cn nUtQin 
WeUr^ubU 

aaatreiatcetiBal dm* 
turbaaeea 

Meauf dlaCucbaneea 
BUektaafua (m d«(a) 
Pella era 

Noma) functioning of 
yaatroiatcetinal tract 
ftvoiotea rrowib 

PraveoU akin lanona 
Prevanta pellagrt 

Veaet 

Qlasdular maa te 

Tieh 

Green leafy eegeta 

yilam/ii Sn 

Ananua 

^oduct remiiaioo in 
permetoua anemia 

tiver 

Aaoocbve etui 
Cevitamic acid 
Antl-acorbutie viUtom 
WaUr-aolubla 

1 Teoderoeee offoute 

1 Sort* IB mootb 

1 Lorrerad eaelitanca to 

1 infactioa 

Proper healing of nvoucda 
Normal growth and 
elructure of teeth 
Prevention of esemla 

Citrus fruits 

Toantoea 

Fresh eabbege pep- 

Frulta, vegeteblee 

Vitamin D 

Calciferol (Di) 
Activated 7-dehydr»- 

1 Poor aeelmilatloo of 

1 C« and P 

1 Faulty bone etraetuiea 

Correct utiliaation of Ca 
and P in metaboham 
neventa faulty tooth 

Irradiated ergoeterol 
and other aterole 
F|eh liver oils 

Antl-cachlUc vitaoun 
Fat-eolubla 

1 Oeteomalacla 

1 Ricketa 

Prevanta ricketa 

Vitamin D enriched 
food! 

Viaimfn B 
a Tocopherol 
Aotl-etanbty vitamin 
Fat-aolubla 

Sterility In rate 

1 Placental failuree 
' Muecular atrophy w 

1 ei^ieriaaital aniipale 

Nonna] reproduction in 

1 rats 

1 Prevention of muscular 

1 dyetrepby In rat# 

Wbeet-gera oil 

Corn end cottonseed 

Croon leefy vogeta 
bias 

Vitomfa K 
AoCf-betnorrltecie 
vltamio 

Blood coapilatioa 
vitamin 

Fet'OcIubla 

j ProloDfed eoardatioo 

1 time far Mood 
Tlemorrbaie 

Alda in production of 
prothrombin 

Normal clotting of blood 

Green leefy vegeta 
Uea 

Alfalfa 

Tomatoca 
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Newborn infants often have a low prothrombin level, and if such 
13 the case, injury at birth may lead to extensive hemorrhage Here 
again the physician finds vitamin K valuable, it may be adminis- 
tered to the mother pnor to childbirth or to the newborn baby 
There are several related substances which possess vitamin K 
activity All are fat soluble All are derivatives of a structure called 
1,4 naphthoquinone The general formula given here suffices for 
vanous substances of vitamin K activity These factors differ in 
the nature of the radical — R 


H O 

i il 

c c 

H-C C C — CHa 

( (I II 

H— C C C~R 

) I) 

H O 

V tonun K 


Vitamin K is of general occurrence m natural foods, green leafy 
vegetables are outstanding sources A normal diet provides suf> 
fiaent vitamm K However, there is the possibihty of faulty ab- 
sorption when there is a lack of bile fluid or an obstruction of the 
bile duct 

VitaminKisheatstable Its activity is diminished or completely 
destroyed by strong acids and bzises, and by oxidizing agents Light 
also has a destructive action 

No standards or recommended allowances have been formulated 
for vitamin K 

SELF>TESTING QUESTIONS 

39 Discuss vitamin E and vitamio K requirements m human nutrition 

40 What IS the meaning of muscle djvtrophy? 

41 How IS it possible for an individual to suffer from lack of vitamin K 

even though it is adequately supplied m the diet‘d 

42 Discuss the applications of vitamin K in medicine 

VIII VITAMINS IN NUTRITION 

There is no disputing the fact that the pubhc annually spends 
thousands of dollars needlessly on supplementary vitanun prepa- 
rations Intensive radio and television advertismg and other high 
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pressure methods have held vitamins before the general public as 
cures for all varieties of ills, regardless of origin 
On the other hand it has been proven conclusively that a number 
of the vitamins are essential in human nutrition. It is true, also, 
that under ordinary hving conditions the normal adult is provided 
with sufficient quantities of the necessary vitamins if he wisely 
selects for himself a varied diet. Authorities agree that infants and 
children, even imder the best dietary conditions, should be provided 
with supplemental sources of vitamins C and D. When living con- 
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ditions are not normal, as m time of war, and when individuals are 
depnved of an adequate varied diet because of food shortages, 
poverty, etc , vitamin defiaency symptoms may appear 
Unfortunately, a number of our foods are highly refined Such 
a process, as illustrated by the decortication of wheat, removes 
vitamins and minerals To remedy this particular situation 
enriched flour is vndely used Such flour contains added thia- 
tnm e, nboflavm, macin, and iron, it is a decided improvement, 
but even so it does not contam all of the nutritionally valuable 
factors which were present in the whole gram The enrichment of 
whole milk by the addition of vitamm D and of oleomargarme by 
the addition of vitamin A are additional examples of present day 
trends in the food industries 

The opinion prevails that America is well fed, yet studies have 
proven that at least one-third of the population is not receiving a 
diet which is nutritionally adequate Every individual owes it to 
himself to carefully study his dietary habits and assure himself 
that he is adequately supplied not only with the necessary quan- 
tities of carbohydrate, fat, and protein in their proper balance, but 
also with adequate amounts of those minerals and vitamins which 
have been proven essential m human nutrition 

EX. MILK 

As o Food: 

Milk is the best and most nearly perfect food, smee it contams 
m an easily digestible and very nourishing form the three nutrients, 
carbohydrate, fat and protein, most, if not all of the vitamins, a 
balanced quantity of inorgarac salts (especially calcium acid phos 
phate, CaHP04) which are so necessary for the growth of tissues, 
strong bones and teeth, organic acids, certam nonprotem nitrog- 
enous constituents, and a number of active enzymes and bacteria 
Milk, however, has some deficiency, otherwise it would be con 
sidered a perfect food It is a very dilute food (87 per cent water) 
with a low content of vitamins B, C, D, and a low content of iron, 
the latter element bemg essential to the formation of hemoglobin 
Milk 13 amphotenc m reaction, though normally it is slightly 
acid (pH 6 6 to 6 9). 

Composition: 

The constituents of the milks of all species are the same, but not 
m the same percentage, each speaes developmg a milk particularly 
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F 9 19 — H«ot Chan9«s lh« Su« of Fot Globufos n M lie (A) thesvt lh« fat glo 
bules In boHlad tn Ik and (6) tSows thorn in ovoporotod mlk (MoQnfltat on 
}0C0tim€s Forboi^^ ArAironcof con fro drawn from tfreio p efuresf Cour 

fti^ fvaporotod M/k Aiiocoton 



F 9 20— M Ik mod* the difference Why » ofAnory tow » m Ik not o perfect food? 


adapted for the growth of its own kmd In fact, the composition 
vanes directly with the length of tlie time required for the develop 
ment of that species Thus infants grow slowly and double their 
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weight in 180 days, cows in 47 days, cats in 9 days, and rabbits in 
6 days. It follows, then, that cow’s milk may be good, but not the 
best, milk for infants. For this brief treatise, only human, cow, 
goat, and mare’s milk will be considered, their relative composition 
being shown in the following table. 



Human 

Couf 

Goat 

Mare 

Water 

87 5 

67 0 

87 0 

87 5 

Carbohydrate (lactoae) 

60to75 

4 6 to 5 5 

4 4 

6 89 

Fat ' 

20to40 1 

20toe0 

4 1 

1 17 

Protein (casein, lactalbumm, ' 
lactoglobubn) 

1 

0 7 to 1 5 

2 5 to 4 0 

37 

184 

Ash (salts of P, Ca, Mg, K, | 
Na, Cl, etc ) 

OSioOlsj 

06to07 1 

09 

03 


A comparison of the composition of the diiterent milks shows 
that mare’s milk more closely resembles human milk than does 
cow’s milk, and consequently is an ezceUent substitute for mother’s 
milk. Goat’s milk is somewhat similar to cow’s milk. 

The lactose of milk sugar is derived from blood sugar (glucose). 
The fats are derived from the phospholipids of the blood and are 
mostly composed of palmitin and olein, with smaller amounts of 
stearin and myristin, and still smaller amounts of the glycerides of 
lower fatty acids (butyric, caproic, etc ) Other lipids presented in 
traces are lecithin, cholesterol. The yellow compound is lacto- 
chrome. The proteins are derived from the amino acids of the 
blood, and are mostly composed of casein (80 per cent), the re> 
mainder bemg lactalburain and lactoglobulin. The salts and re- 
maining constituents are also derived from the blood. 

Miik is not to be consitferecf as flffered fluid from the blood 
plasma. It is a secretion containing the specific compounds lactose 
and casern formed in the glands, although many of its constituents 
(vitamins, uric add, urea, etc ) must have dialyzed from blood 
plasma After delivery and for many days the mammary glands 
secrete a yellowish, alkaline fiuid called colostrum, which acts as a 
purgative on the newly bom infant. Such a milk has a high con- 
tent of total solids, the chief con^tuent of which is albumin. 
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Fig. 21— A Milk Labfiratory. Tratned ch«mlih and bactenologiift analyzo mtlk 
to meet ipoofled ttondords What advontagei hos this loborotory? Cevrtaiy, 
Suppfce>S«afteir, fhifo^«lphia. 


Hie composition of milk is changed somewhat by variations in 
diet, but the flow and yield are influenced by such factors as diet, 
age, nerve conditions, etc. 

Modifled Milk; 

Milk may be modified to resemble human milk, but it is never 
"Just as good.” From the preceding table it is evident that cow's 
milk is high in protein but low in sugar as compared with human milk. 
By diluting cow’s milk and adding sugar (preferably lactose or 
Dertri-maltose) a satisfactory mixture of practically the same com- 
position as human milk is obtained (Fig. 22). Too much added 
sugar (over 7 per cent), although fattening, may cause gas and 
colic and lead to serious trouble. Unless cow’s milk is diluted, the 
high protein content may cause indigestion and colic. Too much 
fat also leads to various disturbances Goat’s milk is somewhat 
richer in fat and contains sbghtly more salts than either human or 
cow’s milk, and it, like cow’s milk, contains less lactose than human 
milk. Smce milk has some nutritional deficiencies it is essential 
that the growing infant within six or seven weeks after birth be 
supplied with orange or tomato juice as a vitamm C corrective, and 
a week or so later with cod liver oil or exposure to direct sunlight 
(ultraviolet light) for vitamm D deficiency. Iron deficiency will be 
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automatically taken care of months later when the milk diet is 
bemg supplemented with egg oincoctions and purees of green 
vegetables A recent practice is the addition of mmerals and 
vitamins to provide a fortified milk 



Fig 22— Hom^genlz ng Mach n« Stnee m Ik ts tamewhot mod fed by thft rat on 
©f th» eow many milk conc«m} or* m«»» ng lb* d*mondi of phyi c ens for mod fled 
milks such os V tarn n m Ik iodized m Ik, soft curd m Ik, homogenized m Ik e>e> 
How may the vitom n content of a m Ik differ m fh* winter from thot m th* summer? 
Courtesy Supptee Seolteit Fhi/odelphio 

Pasteurization 

Smce cow’s milk is hable to become contaminated with the dif 
ferent pathogenic bacteria which produce tuberculosis, typhoid 
fever, dysentery, and other senous diseases, millc is pasteurized 
Pasteurization is a process of beatmg milk to 63® C , for 30 nunutes, 
then qmckly coolmg it, and protectmg it from contact with the air 
(Fig 23) Milk so treated is free from all disease producing organ 
isms and is just as digestible and nutritious as raw milk, but it has 
a slightly different taste because of formation of a volatile sulfide 
(probably H 2 S) from partly decomposed proteins, and contains less 
than half the antiscorbutic vitamm C normally present Since 
vitamm C m raw tmik is not present m sufficient quantities, it fol 
lows that this is not such a senous loss The deficiency of vitamm 
C, as mentioned, may be provided for by orange or tomato juice 
Since pasteurization destroys some of the vitamin potency of 
milk, health authonties have allowed raw rmlk to be sold under 
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Fig 23 — 6vard ant of PubI e H«ofth Mdk n n ckel I ntd vols It potitu ized by 
h«ot ng w th hot water at 63’ C for 30 m note* There w thout conlatt w th a r 
it It qu ekiy Cooled n a «e et of p pet Whot <t the odvontoge of the retat vely 
low temperature upon p ole nt p eienl ht the m Ik? Courtety Bowman Da ry Co 

certain restnction as certified mdk Such a milk is produced from 
disease free cows the nulk bemg handled under rigid sanitary con 
ditions, and when sold must not show a count over 10 OOQ bacteria 
per ml 

Lactic Acid Milk 

Upon standing, milk sours and curdles as the result of lactic aad 
fermentation of the lactose present 

C12H22O11 + H2O C 8 Hi 20 e + CeHi 208 4C3H8O3 

lactss* OolocWw Glueoi* kott e odd 

At pH 4 7 its isoelectric pomt the casein precipitates and the 
milk 13 said to curdle The curdlmg of milk may also be brought 
about by the addition of cennm m the form of rennet as obtained 
from the Immg of calves’ stomachs The rennm changes soluble 
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calcium casemate mto msoluble calcium paracasemate In pre 
cipitatmg casern by either acids or rennin, some fat and traces of 
other constituents are removed from the milk Such a mixture is 
used to make cheese the flavor and kind dependmg upon the type 
of organism present durmg the fermentmg or npenmg process The 
liquid suiToundmg the curd is known aa wh^ Lactic acid milk, 
such as buttermilk and acidophilus milk is considered much more 
digestible than untreated milk Furthermore, it is mterestmg to 
learn that pathogenic bacteria will not grow m sour milk So it is 



Fig 24 — M!k and Its Products. Whch food pctured would you expect to be 
h ghest m fat content’ n protein content’ in woter content’ Courtesy of Nat onaf 
Do ry Counc / 
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that nature comes to man’s assistance m protectmg milk, the most 
important of all our foods Sudi bactena change the mtestmal 
flora by formmg an acid medium which is unfavorable for the 
growth of putref3Tng and fermentative bactena 

Fuel Value 

Milk IS a good fuel because it contams fat and sugar One quart 
of milk yields 675 Calones an amount sufficiently ample to supply 


Child, 1 year old with two thirds of total calones required daily 
Child, 5 years old, with one half of total calones required daily 
Boy, 10 years old, with one third of total calories required daily 
Man, 21 years old, with one fourth of total calories required daily 


One glass of milk yields approxunately 100 Calones, which is 
equivalent m fuel value to any of the following 


2 eggs (large) 2 slices of bread 

2 potatoes (medium) 1 large servmg of lean meat 


From a financial standpomt, the amount of energy from a quart 
of milk is far m excess of that obtauied from the same amount of 
money expended for meat and eggs Besides bemg valuable as fuel 
to keep the body warm we must not lose sight of the fact that milk 
also repairs tissues, promotes growth, and builds bone 



Fg 25 — Econom col Volue of Milk Milk l> 
olmotl an ld«al food What prevents It from 
be ng a perfect foodi 


Protein Content 

It has already been mentioned that the most important difference 
between cow’s milk and human milk is the high protein content of 
cow’s rmR When mdk enters the stomach, renmn, the gastric 
juice ferment, hydrolyzes the casern (85 per cent of the protem of 
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milk) into soluble paracasem, which combmes with the calcium 
salts to form an insoluble curd, called paracasemate Provided 
the milk is drunk slowly, the curd will be soft and m a finely divided 
state, m which form it can easily be digested by pepsm Smce the 
casern of human milk is of a still more fiocculent state it should be 
considered more digestible 

Cereal proteins are very low m lysme and tryptophan, two very 
important ammo acids, which are absolutely essential for growth 
Accordmg to the findmgs of Rose* there are at least eight ammo 
acids which are essential to mamtam the body’s growth and repair 
lysme, tryptophan, phenylalanine, leucme, isoleucme, threonine, 
methionme, and valme 

Foods which contain the essential ammo acids are almonds, 
cheese, eggs, lean meat, milk and glutehn of com The addition of 
milk to cereal foods aids greatly m nutrition 

Mineral Content* 

Milk contains a well-balanced quantity of inorganic salts, all 
that are needed in nutrition It contains a very plentiful supply of 
calcium and phosphorus compounds which are needed for growmg 
strong bones and teeth A glance at the following illustration 
shows the amount of lime m vanous foods 

Food Length of line gives proportional amount of lime 

1 cup of milk 

1 cup of carrots - — 

1 egg 

2 shces of bread 


Although there is a low content of iron, still it is m sufiBcient quan 
tity and smtable form to supply amply the nutrition requirements 

Vilamtn Content 

Milk contains most, if not all of the vitamins, being especially 
rich m vitamm A and vitamm Ba, the ones most important for 
normal growth and tor preventing certam deficiency diseases But 
for the fact that milk is low in vitamin Bi (antmeuntic), C (anti- 
scorbutic), D (antirachitic), m iron, in hemoglobm formmg and 
reproduction forming substances, milk would be a perfect food 

* W C Rose Chtm and Eng Newt vot 30 p 2298 1952 
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Fig. 26 — frrodiafrna Milk wi»h ffc« (/flrov{et«f Ray. Pfevifamin 0, naturally 
prtient In mtlk. U injlontly converted Into vltomtn D, Ihe onliroehilie vitomln, by 
expoilng it a few second] to the roys from an electric ore (B) on a rapidly movlns 
film. By what other means can milk be made to contain o hish vitamin 0 contentf 
Cowrlesy. fle/le-Vernon Co 

In conclusion, it is very evident that milk has practically every- 
thing needed in the diet, all the necessary substances for nutrition. 
The dietary rule of a quart of mOk each day for every child is 
much more than a precept based on individual opinions or drawn 
by analogy from the results of feeding experiments with lower ani- 
mals; it now rests on scientific evidence obtained by extensive and 
intensive experiments directly upon the children themselves. 

As a nile.. children must have one quart of milk, and adults should 
have one pint of milk daily. 

SELF-TESTING QUESTIONS 

43. What materiab are present in milk that make it a desirable food? 

44. What keeps milk from being called a perfect food? 

45. In what two noticeable respects does human milk differ from cow’a milk? 

46. What is the function of colostrum? 
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47 How may cow’s milk be modified so as to compare favorably with 
human milk^ 

48. Too much sugar and protein in milk may cause what trouble? 

49 How are the nutritional deficiencies of milk supphed in infant feedmg'^ 

50 How la milk pasteunred and how does pasteurization affect its vitamin 

content’ 

51 Milk may be curdled by what two substances’ 

52 Why la buttermilk or acidophilus milk considered very digestible’ 

53 How does milk compare with other foods as a source of energy? 

64 What two important ammo acids occur m milk, and are essential for 
growth? 

55 What compounds occurring in milk are essential for growing bones and 

teeth’ 

56 What are the two most important vitamins m milk, and what are their 

functions’ 


SUGGESTED ACTIVITIES 

J Tkoucbt Provoking Questions 

1 Advance an explanation for the fact that the fat soluble vitamins 

are stored for a tune id the body, while the water soluble vita 
mins are not 

2 Which of the vitamins are most hkely to be inadequately supphed 

m the diet’ How can this be easily remedied’ 

3 Which vitamins are eapecially import^t in the diets of babies and 

children’ What two items in the infant’s diet will supply these’ 

4 What IS the function of the so^alled protective foods? 

5 Discuss the effect of pH of medium on vitamin stability Comment 

on the practice of adding soda in cooking certain green vegetables 
to preserve the color 

6 Cite several cases where the vitamin is known to play a direct 

part in metabolism 

7 Do you feel from observations that the average citizen of this 

country enjoys an adequate diet’ 

8 Can you suggest a reason why luacm baa been substituted as a 

name for mcotimc acid’ 

9 What part of the sunlight is effective in activating the sterol in 

the skin’ Why is direct exposure to sunlight necessary? 

10 How can you account for the fact that the vitamm C content of 

milk vanes considerably with the season of the year? 

11 What advances have been made in the food industries to provide 

vitamins in nutntion’ 

12 Discuss milk as a source of vitamins 

13 Why IS milk called our most perfect food’ Does it have any 

deficiencies’ 

14 How are the disadvantages of nulk as a food corrected? 

15 How do cow 8 milk and goats milk differ from human milk? 

16 How are cow’s and goats milk modified when used as food for 

babies’ 
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17 What 18 the efTect of the Lacb^iactUua acidophilus on the intestinal 

flora'' 

18 Whjt factors will increase lactation^ Decrease*' 


II VocABUiART Testing of New Terms 


polyneuritis 

anti neuntic 

cheilosis 

beriben 

microgram 

keratitis 

decortication 

anti rachitic 

dystrophy 

vitamin 

ergosterol 

precursor 

carotene 

acrodyma 

nyctalopia 

hypovitaminosia 

vioaterol 

provitamin 

avitaminosis 

calciferol 

nbose 

anti xerophthalmic 

imdiabon 

enti scorbutic 

III Topics for Oral or Whittem Reports 



1 Diseases Due to Vitanua Deficiencies 

2 Recommended Vitamin Allowances in the Diet 

3 The Use of Supplementary Vitamin Preparations 

4 Cow 8 Milk in Infant Feeding 

LABORATORY CHEMISTRY 
Laboratory exercises for this chapter will be found on page 766 
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REVIEW OE DEFINITIONS 

CHAPTERS XVIII THROUGH XXIII 

The following terms are important in the study of chemistry A 
mastery of them will help one build a scientific vocabulary that 
will be mvaluable m future study or reading 

acetonuria (as e*to nu n a) A coDdition marked by the presence of acetone 
and acetone bodies in the unne 

albuminuria (al bu min u re>a) Albumin in the unne 

alkaline tide An alkaline condition ra the urine following meals due to the 
Withdrawal of hydrogen tons to form the hydrochloric acid m the 
stomach 

amylopsin (am il op sm) The starch hydroiyzmg enzyme of the pancreatic 
juice 

anabolism (an ab o lizm) Constructive metabolism The opposite of catab 
oltsm 

antiemyme A substance that loacttvatea an enzyme 
EXAICPLB HgCls 
antiketogenic Substances that prevent acidosis 

onuna (an u n a) Refers to the condition when scarcely any unne u secreted 
ascorbic acid (as korlilk) Vitamin C 

oDitammosis (a vi ta mm o sis) A pathological condition due to the lack of a 
vitamin. 

EZAMFLE Rickets 

basal metabolism The mimmiiTn amount of energy required to maintain life 
when the body is at rest and without food 

bile The secretion of the liver that aids in digestion and absorption of fats 
m the mtestine 

t>lood A circulating tissue existing m a closed system of tubes which branch 
off Jo Bveiy cell 

calciferol A crystalline compound that is isomenc to ergosterol and influences 
calcium metabolism 

carbohydrate tolerance The cspacdiy of the body to oxidize or store glucose 

carotene (cSr o ten) A yellow compound in plants from which vitamin A is 
synthesized by the animal organism 

easts Cylindrical formations of proteins that are discharged into the unne 
from the kidney tubules 
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eaCabolism Destructive taetabobsm Opposite of anaboliam 
cholesterol (kol>ee ter-ol) A bile conabtuent which assists m fat absorption 
ehyluna (ki lu re*a) The presence of cbyle in the urine 
coen^vne Enzyme activator 

condensation Eeactioss between like or unlike molecules with or without the 
loss of water 

EXAMPLE Formaldehyde plus phenol to form resin 

deamination (de am m a shun) A process involving the splitting off of the 
nitrogen of the ammo group into ammonia 

digestion The brcalung down of complex bodies into simple soluble ones which 
the body can absorb and use 

enterokinose (en ter o ki'nas) An enzyme which activates trypsinogen 
en^ntea (en zimes) Catalysts produced in life processes 
EXAMPLE Pepsin 

erepstn The protem hydrolyzmg enzyme of the mtestma) juice 

ergosterol (er gos te rol) The substance which upon exposure to ultraviolet 
rays changes to vitamin D 

erythrocytes (er ith ro sites) Red corpuscles 
Aemoturia (hem at u re a) Blood m the unne 
hemoglobinuria (hem o<globin u re>a) Hemoglobin m tbe unne 
heparin An anbprothrombm 

Airudin A commercial anticoagulant extract from leeches 

hormones Internal secrebons of the endocrme glands which stimulate certam 
tissues or organs 

EXAMPLE Secretion sbmulates tbe pancreatic cells 
to cause a flow of pancreabc juice 

inverting enzyme The sucrose hydrolyzing enzyme in the intestinal juice 
irradiated Pertaining to ultraviolet radiationa of tbe skm or of foods 

tsoagg^uhniRS Antibodies which agglutinate tbe blood cells of those of the 
same species 

ketogenic (ke>to jen ik) Substances which may produce aadosis or ketosis 
ketosis (ke-to bis) A condition of acidosis 

leukemia (lu ke me-a) Pathological condibon of tbe blood when it contains 
an abnormal number of white blood cells 
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leukocytes Gu'ko sites) White blood corpuscles 

lymph An alkabne fiuid, colorless, in the lymphatics and bathing each cell 

metabolism The chemical and energy changes taking place in tissues They 
may be anabobc or catabolic 

ohgurta (ol ig u're-a) A scanty secretion of unne 
pepsin The protem hydrolyzmg enzyme of the gastric juice 
plasma The fluid part of blood and lymph 

platelets Round, colorless discs in the blood which assist m the change of 
soluble flbnnogen into insoluble fibnn to form the blood clot 

polyuria (pol e-u re-a) Excessive secretion of unne 

prothrombin A zymogen which combines with the calcium salts to form throm 
bin, an enzyme 

ptyoiin (ti al in) The starch hydrolyzmg enzyme of the sahva 
pyuria (pi u re-a) Pus In the urine 

renntn The enzyme that hydrolyzes casein of milk into paracaseinate 
secretin A hormone which stimulates the pancreas 

serum The clear yellow hquid left after the removal of flbnnogen f^om tbe 
plasma 

steapsin Tbe fat hydrolyzmg enzyme of tbe pancreatic juice 

tyneresis (sm-er e-sis) A shrinkage exhibited by flbnn and other colloidal gels 

threshold point The point of concentration when glucose begins to pass from 
the blood into the unne 

thrombin An enzyme which changes soluble flbnnogen into insoluble fibrm 

thromboplastin A factor from damaged platelets nnd tissue which imtiates 
blood clottmg 

ti^sin A protem bydrolyzmi; enzyme of the pancreatic juice 

urinary calculi Compact masses of insoluble nuneral salts m the unnary tract 

Ditamins Substances that are essential for norma] nutntion 

zymogen Tbe inactive state of an enzyme, a proenzyme 
EXAUFLE Pepsinogen. 
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{ ANTIDOTES FOR SOME COMMON POISONS 


Name 

Antidote or Treatment 

Acids (mineral) 

Milk of magnesia limewater in milk soapsuds 
baking soda Do not use an emetic 

Alkalies (caustic) 

Citrus juices vinegar buttermilk Demulcents 
Do not use an emetic 

Alkaloids 

Strong coffee for morphine and opium otherwise 
strong tea 

Cbloroforzn ether 

— cold water on head and chest Artidcial respiration 

Phenol 

Glass of SO per cent alcoholic liquid Remove by 
emetic (mustard) Epsom salts egg white milk 

Salts of heavy metals 
(As Cu Pb Hg Ag 
Zn) 

Egg white milk Remove by emetic 

Unknown poison 

One spoonful of two parts powdered charcoal one 
part magnesium oxide one part tannic aad Keep 
dry until ready for use and then use one heaping 
teaspoonful in a glass of wrarm water 


II ANTISEPTICS AND DISINFECTANTS 

Antiseptics are chemicals which check the growth of bacteria, 
while disinfectants destroy the bacteria This classification or divi 
Bion of such chemicals into antiseptics and disinfectants depends 
not so much upon the actual substance used as it does upon the 
strength of the solution A brief ainsideration of some common 
examples is listed as follows 
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ANTISEPTICS 


Used for 

Chemicals 

Uses 

Hands 

Bichlonde of 
mercury (mer 
cunc chloride) 

One tablet (7H grain) m one pint of water 
makes a 1 1000 solution, which is chieQy 
used on the hands previous to the per 
fonuance of an operation Continued use 
imtates the skin It is not used on sur 
gical instruments as it corrodes metal 

Alcohol (ethyl 
alcohol) 

A 50 to 70 per cent solution will penetrate 

1 bacteria, but stronger solutions are not 
so active So called green soap owes its 
genmcidal action in part to tiie alcohol 
(43 per cent) contained m it Alcohol 
coagulates and precipitates proteins 

Skin 

Sulfur 

1 

Used as an ointment to check the growth 
of bactena, and to destroy parasites asm 
scabies 

Ichthyol 

It la an antiseptic in Various skin diseases 
to rebeve itching and to soften the akin 

Soapsuds 

Ordinary lather destroys most germs, after 
tboiough ecnibbiog and then nnsing 
under running water 

Wounds 
and uIceTS 

Hypochlorite 

solutions 

Dakins solution contains 0 45 to 0 50 per 
cent Bodjum hypochlorite Free chlorine 
IS liberated to combine with the NHa 
radical of tbe proteins m the tissues to 
form cfaloramme which as an antiseptic 
IS about 15 times as effective as phenol, 
and is not injurious to the tissues 

Potassium per 
manganate 

It 13 an oxidizing disinfectant in 1 to 3 
per cent solutions for wounds and in 
1 1000 to 1 5000 Solutions for gargles 
and douches 
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ANTISEPTICS (eenliiwed) 


Used for 

Chemicals 

Uses 

' 

lodoforni 

Mostly used in gauze soaked with a 5 to 
10 per cent solution of iodoform Not 
commonly used any more 

Wounds 

Picnc and 
tannic acids 

Used chiefly in treatment of bums or 
scalds Stops bleeding 


Phenyl tncrcuric 
nitrate 

Effective against many skin infections Is 
not poisonous, destructive, or irritative 
to tissues or open wounds Noncorrosive 
to surgical instruments Is many times 
more powerful than bichlonde of mer 
cury, Mercurochrome. or phenol 


Bone acid 

A 2 to 4 per cent solution is used m eyes, 
nose, or other sensitive membranes with 
out producing any irritation 

Mucous 

membranes 

Compound 
sodium borate 
solution 
(Dobell’s 
solution) 

A per cent aodium borate, phenol, 

sodium bicarbonate, glycerm and water 
solution mostly used as an alkabne gargle 
and as an antiseptic nasal douche 

Silver nitrate 

A 1 per cent solution (followed by physio 
logical saline solution) in the eye of the 
newborn to prevent gonorrheal infection 

In stronger solutions (5 to 10 per cent) it 
is very destructive to the tissues 


Mild protein 
silver 
(Argyroll 

As a colloidal solution of silver and albumin 
it IS used in 10 to 25 per cent solutions for 
antiseptic and astringent purposes Less 
imtatmg than stiver mtrate 
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DISINFECTANTS 


Used for 

C/tenticofs 

Uses 

Punfymgairu 

rooms 

Preserving 

tissues 

Formaldehyde 

(gas) 

A 40 per cent solution of formaldehyde gas 
IS called by the trade name ‘ formahn ' 
A 4 per cent solution preserves tissues 

1 a 1 to 2 per cent solution disinfects 
instruments 


Sulfur dionde 

' Formed by burning sulfur Dismfects but 
will bleach colored fabrics 

Purifying the 
air and 
certain 
solutions 

Chlorine 

1 This gas m the presence of moisture is a 
' powerful disinfectant It is used mostly as 
chlorinated hme to disinfect stools and 
unne and also to remove odors. Used 
commercially to punfy drinkmg water 
Oxidizes bacteria directly^ or combines 
with the ammo group ( — NHa) of bacten 
al cell toformcbloramme (NHsCl) which 
kills the bacteria by oxidation 


Phenol (carbohc 
acid) 

Two to five per cent solutions are fatal to 
all bacteria Concentrated solutions are 
corrosive 

1 

Cresola 

Generally prepared as emulsions or soapy 
solutions (common trade name of Lysol) 
They are more powerful than phenol 


Iodine 

! 

A 2H to cent solution of lodme in 

alcohol (or m water +KI) is used to dis 
infect the skin before an operation Uis 
infection is due to oxidation and preapi 
tabon of protem 

Skin 

Merthiolate 

An organic combination containing about 
50 per cent mercury, and less toxic than 
bichloride of mercury, used mostly in 
soluttona of 1 1000 to 1 2000 


Metaphen 

A yellow odorless powder contaimng about 
56 per cent mercury in organic combina 
tion more powerful than bichloride used 
onskmi 200 and for irrigations 1 2500 
to 1 10 000 

Wounds 

Merbromin 

(Mercuiochrome) 

Two per cent solution is used for surface 
wounds and infections Not very valuable 
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III. METHODS OF MEASUREMENT 
1. Metric Measurement Based on Decimals 
Up to the tune of the French Revolution, there was much con 
fusion arising &om the use of difierent standards in different local 
ities to measure length, volume, and weight Accordmgly, a com 
mission, appomted by National Assembly of France, devised a 
uniform and unchangeable standard, which was called the metric 
system This system is used almost exclusively in every civilized 
country exceptmg the English speakmg coimtnes, and even there 
it 13 used for scientific measurement Its great advantage is m 
bemg a decimal system, in which its divisions and multiples are in 
ratio of tens, and therefore easy to work with 
The practical use of the metnc system m the hospital is its em 
ployment m connection with medicahon and treatments, apparatus 
and instruments, laboratory work aiui metabohc work 


METRIC UNITS OF LENGTH, VOLUME, AND WEIGHT 
The Meter It the Unit of Length 
1 xseter (m.) «• 10 decuneters (dm.) 

1 deameter •• 10 ce&tuaeten (cm.) 

1 ceatuneter > 10 miUimeten (mm ) 

1 millimeter « 1000 tucroos (m) 

1000 meters ^ 1 kilometer (km ) 


The liter Is the Unit of Volume 
1 liter (I } 1000 milliliteTS (m! ) 

Note ml is Crequently written as cc (cubic centimeter) 


The Kilogram Is the Unit of Weight (Moss) 
1 kilogram (kg ) « 1000 grama (Gm ) 

I gram 1000 milLgrama (mg ) 

Remember 1 kilogram «> 1000 Gm 
1 gram » 1000 mg 
1 titer * 1000 ml , or cc 


2. Mefric-English Conversion Factors 


To Change 

To 

Multiply by 

meter 

inch 

39 37 

inch 

centimeter 

2 54 


■Viart 

taw 

quart (liquid) 

bter 

0946 

kHograma 

pound 

2 205 

pound 

gram 

453 59 

gram 

gram 

16 432 

ounce (fluid) 

milhhter 

29 67 

ounce (avoir ) 

grama 

28 35 

gallon 

Utera 

3 785 
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3. Apothecary System and Metric Equivalent: 

Apothecary's System 
60 grama (gr ) or numtna (i^ 1 dram (3) 

8 drams ■= 1 ounce ( S ) 

12 ounces « 1 pound (lb ) 

or 

16 ounces (fluid) = 1 pint (O) 


Metric-Apothecary Equivalent (Approximately) 


1 gram 15 gr 

1 cubic centimeter = jir iv 

1 fluidram » 4 ec 

1 dram = 4 Gm 


I ounce » 30 Gm 

1 fluidounce 30 cc. 

1 quart ■> 1 1. 

1 gram (Ki Gm ) -• 0 064 Gm 


Equivalents 

Afetrtc Apt>thecary ffouseltold 

4cc-4Gm " itE60=gr60“51 “ lt-JiT=60gtt 


4« Household Measures: 


Household Measures Approximate Equivalents 

60 drops (gtt ) • 1 teaspoonful (t.) 60 gtt ■> 1 teaspoonful 

3 teaspoonfuls 1 tablespoonful (T) 4 cc or ml. 


2 tablespoonfuls ~ 1 fluidounce 
6 fluidounces ~ 1 cupful 
8 fluidounces •> 1 glassful 

5. Convenient Relations: 

1 ml of water at 4* weighs 1 Gm 
5*cent piece weighs about 5 Gm 
1 dime weighs about 2 6 Gm 
1 dime IS about 1 tnm thick 


m 60 tniniTPa 

* 60 grams 
1 dram 
» H ounce 


1 quart 13 almost a liter 
1 test tube, 6 x ^ bolds about 18 ml. 
1 ml 19 about 15 drops 


IV. TEMPERATURES 
1. Temperature Scales: 

The only difference between the Fahrenheit (F) or the ordinarily 
used thermometer in our homes and the centigrade (C) or scien- 
tifically used thermometer is the manner in which they are gradu- 
ated. The temperatures at which diemically pure water fi^ezes 
and boils are taken as fixed points on both scales when the baro- 
metric pressure is 760 mm Examination of the figure shows the 
freezing point, boiling point, and the relation between them A 
simple method for conversion from one to another follows; 
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To change Fahrenheit temperature to centigrade Add 40, mul* 
tiply by 5/9, subtract 40 

To change centigrade to Fahrenheit Add 40, multiply by 9/5, 
subtract 40 


2. Some Importont Cenligrade Temperatures: 


F 


C 


2/Z' 


-T- B p. _ 


780. yoo. 

I s I 


31 '\ 


FP 


O’ 





/tiADAUXi 


tu 


■ 40 ^ 


Fig 1~ln th« three polnti of equivolerKe 
the two Inlervoli ore In the ratio of 9 5 


-273 13 Absolute zero 
~268 9 HeLum boils 
-^252 8 Hydrogen boils 
— I9S8 Nitrogen boils 
—183 Oxygen boils 
— 112 Grain alcohol freezes 

— 78 6 Carbon dioxide subbioes 

— 38 B Mercury freezes 

— 33 4 AmzDonia boils 

— 10 Sulfur diozida bods 

0 lr» melts (water freezes) 

20 Room temperature (average) 
37 Temperature of body (normal) 
60 Wood s metal melts 
78 4 Gram sJeobol boQs 
100 Water boils 
170 Sugar melts 
2319 Tui melts 
271 0 Biamotb melts 
327 S Lead malts 
888 7 Aliunisuffl melts 
1063 Gold melts 
1083 Copper melts 
1635 Iron melts 
ISOOd: Sand melts 
2500d: Temp ozy hydrogen flame 
2700d: Temp ozy acetylene flame 
4000± Temp electric arc 
6000± Temp sun s aurface 


V. SOME QUALITATIVE TESTS 
1. Borax Bead Tesis: 

When a clear borax bead, made by fusing borax on the end of a 
platmum wire, is touched to a speck of certain compounds and 
reheated either m the oxidizmg (outer) flame or m the reducing 
(mner) fiame, the fohowmg coV>is are produced 


Afetal 

Oxidizing 

Flame 

Reducing 

Flame 

Metal 

Oxidizing 

Flame 

Reducing 

Flame 

Chromium 

Green 

Green 

Manganese 

Violet 

Colorless 

Cobalt 

Blue 

Blue 

Nickel 

Rrnwm 

Colorless or 

Iron 

Yellow 

Green 



turbid 
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2. Cobalt Nitrate Tests: 


When a substance is intensely heated on a charcoal block before 
and after being moistened with a dilute solution of cobalt mtrate, 
the following colors are produced 


Metal 

Color 

Alununum 

Blue when A1 compound la infusible 

Magnesium 

Pale pmk a aomewhat unsatisfactory test 

Zinc 

Green 









628 


Appendix 


5. Tests for Combustible Gases* 


Ha 


CO 

CH« 

CaH« 

CaHa 

HaS 


Be^ns to bum with slight explosion and an almost invisible 
flame, water forming &om the combustion may be condensed 
on a cold glass surface 

Bums with pale blue flame to form carbon dioxide which clouds 
hmewater 

Bums with a luminous flame to form carbon dioxide and water 
Odor, bums with smotcy flame, decolonzes bromme water 
Odor, bums with very sooty flame decolonzes bromme water 
Odor of spoiled eggs, bums with bluish flame to form sulfur 
dioxide, darkens moist lead acetate paper 


6. Tests for Noncombusfible Gases: 


HCl Sharp pungent odor, fumes in moist air, and with ammonia forms 
white cloud (NH^CI), turns moist btmus paper red 
SOj Odor of burnt matches, decolonzes potassium permanganate 
solution 


Cls 

COs 

NOs 

Ns 

NHs 

Os 

NsO 

NO 

Brj 


Sharp odor, greenish yellow color bleaches moist litmus paper 
Colorless and odorless forms white preopitate with limewater 
Sickenmg odor, brown color, very soluble 
Reacts with hot magnesium to form a lutndewhicb with hot water 
yields ammoma 

Sharp penetratmg odor, turns moist litmus paper blue, with 
hydrogen chlonde forms white fumes of ammomum chlonde 
Odorless, causes glowing eplmt to blaze, reacts with nitnc oxide 
to form brown nitrogen ^oxide 
Sweetish odor, supports combustion of glowmg splint 
Combines with oxygen of air to form brown nitrogen dioxide 
Red hquid, vaporizes ea^y, imtates throat 


VI. TESTS FOR TEXTILE FIBERS 


Test 

1 Animal Fibers \ 

1 Vegetable Fliers 

Effect of 

\ Wool ! 

1 Sdk 

1 Cotton 1 Lmen 

1 Rayon 

Heat (flame) 

Bums slowly in flame 
Odor of burnt hair 

Contmues to bum when removed 
from flame 

Odor not unpleasant 

Base (strong) 
10% NaOH 

Dissolves entirely 

Not dissolved 

Acid (cone ) 
HCl 

Not affected 

1 

1 

Q 

Not affected 

Dissolves slowly 

HNOf 

Yellow 

Yellow 1 

No evident action ! 

No evident action 



VII. PERIODIC TABLE 

THE PERIODIC ARRANGEMENT OF THE ELEMENTS ACCORDING TO ATOMIC NUMBERS 
(Atomic Weights Based oo Carbon-12) 
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Vni. THE CHEMICAL COMPOSITION OF SOME 
FOOD MATERIALS* 



Water 

PitWctn 

Fat 

Car- 

6o?iy- 

drate 

Aak 

Fuel 
Value 
per Lb 

Apples 

84 6 

04 

05 

14 2 

03 

290 

Asparagus, cooked 

916 

21 

33 

22 

08 

220 

Bacon, smoked 

20 2 

10 5 

64 8 


61 

2930 

Bananas 

75 3 

13 

06 

22 0 

08 

460 

Beans, baked 

68 3 

69 

25 

19 6 

21 

600 

Beans, string, canned 

93 7 

1 1 

01 

38 

1 3 

95 

Beefsteak, porterhouse ' 

60 0 

219 

204 


10 

1270 

Bread, white ' 

3S6 

93 

12 

62 7 

1 2 

1205 

Butter 

no 

10 

850 


30 

3605 

Cabbage 

916 

16 

03 

56 

10 

145 

Candy 




96 0 


1785 

Carrots 

63 2 

1 1 

04 

93 

10 

210 

Celery 

94 5 

11 

01 

33 

10 

85 

Cheese, cottage 

72 0 

20 9 

10 

43 

18 , 

510 

Chicken (fowl] 

63 7 

19 3 

16 3 


10 1 

1045 

Chocolate 

69 

12 9 

48 7 

30 3 

22 

2860 

CoBaomxQ4 

96 0 

25 


04 

11 ' 

55 

Con, canned 

761 

26 

12 

19 0 ' 

09 

455 

Eggs boiled ' 

73 2 . 

132 

12 0 


08 

765 

Halibut steak 

75 4 

186 

52 


10 

565 

Ham, smoked 

39 8 

16 5 

388 


47 

1945 

Lettuce 

94 7 

12 

03 

29 , 

09 

90 

Macarom, cooked 

78 4 

30 

IS 

15 8 

13 

415 

Milk, whole 

870 

33 

40 

50 

07 

325 

Oatmeal gruel 

91 6 

12 

04 

63 

05 

155 

Oleomargarine 

95 

1 2 

83 0 


63 

3525 

Ohvea green 

1 68 0 

11 

27 6 

116 

17 

1400 

Oranges 

66 9 

08 

02 

116 

05 

240 

Oysters 

68 3 

60 

13 

33 

11 

230 

Peanuts 

9 2 

258 

386 

1 24 4 

20 

2560 

Peas, canned 

85 3 

36 

02 

98 

1 1 

255 

Potatoes, boiled 

75 5 

25 

01 

20 9 

10 

440 

Potatoes, sweet, cooked 

619 

30 

21 

421 

09 

925 

Salmon, canned 

! 63 5 

218 

121 


26 

915 

Sausage, wieners 

' 43 9 

280 

221 

16 

44 

1485 

Sauerkraut 

I 88 8 

17 

05 

1 38 

62 

125 

Spinach, cooked 

89 8 

21 

41 

26 

14 

260 

Strawberries 

90 4 

10 

06 

74 

06 

180 

Tomatoes, canned 

94 0 

12 

02 

40 

06 

105 

t7alnuts, California 

25 

284 

€4 4 

13 0 

17 

3300 

Wheat, ehredded 

81 

105 

1 4 

77 9 

21 

1700 


* Compfled from BoUetm No 28, U S Department of Acnculture 
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IX. TABLE OF PHYSICAL CONSTANTS OF ELEMENTS* 


EUmail 

Symbol 

Valence 

Number 

n'eigftrt 

DensiSy 

(g/ml) 

Mdting 
Point “C 

Boiling 
Point ®C 

Actinium 



89 

(227) 


1050 0 


Aluminum 

A1 

3 

13 

26 9815 

2 70 

660 0 

2450 0 

Americium 


3, 4, 5. 6 

95 

(243) 

117 




Sb 

3. S 

SI 

12175 

6 62 

630 5 

1380 0 




la 

39 948 

1 40 

-133 4 

-185 8 

Arsemc 

As 

±3.5 

33 

74 922 

6 72 

817 0 

613 07 

Astatine 



85 

(210) 


(302) 





56 

137.34 

35 

714 0 


BerVehum 

Bk 

3.4 

97 

(247) 




Beryllium 

Be 

2 


9 0122 

1 85 

1277 0 

2770 0 

Bismuth 

Bi 

3.6 

83 

208 080 

96 

2713 

1560 0 


B 

3 

5 

10 8ZI 

2 34 

(2030) 


Bromine 

Br 

±1.4,6 

35 

79 909 

3 12 

-72 

580 


Cd 


48 

112 40 

865 

320 9 

765 0 


Ca 


20 


X5S 

8380 

1440 0 

Califormum 

Cf 

3 

98 

;251) 





c 

2.4 

6 

120111 

2 26 

3727 Ot 

4830 0 

Cenum 


3.4 

58 

14012 

677 

804 0 

34700 


Cs 


W 

132 905 

1 90 

28 7 

680 0 

Chlorine 

a 

±1.4, 6. 6.7 

17 

35 453 

1 56 

-1010 

-34 7 

Chrotniuia 

Cr 

2. 3.6 

24 

51 996 

719 

1875 0 

2665 0 

Cobalt 

Co 

2.3 

27 

58933 

69 

1495 0 

29000 

Coluxabium 

BBC A 







Copper 

Cu 

1.2 

29 

63 54 

896 

1083 0 

2695 0 

Cunum. 



96 

247) 




Byv'roeium 


3 

66 

leiso 

856 

1407 0 

2330 0 

Emstainiiifn 

Es 



254) 




Erbium 

Er 


68 

167 26 

915 

14970 

2630 0 

Europium 

Eu 



15196 

6 24 

826 0 

14900 

Fermium 

Pm 


100 

263) 




Fluorine 

F 

-1 


189084 

1 11 

-219 8 

-1882 

Frsfimim 

Fr 

1 

87 

:223) 


27) 


Osdolmium 

Gd 

3 

64 

157 25 

787 

1312 0 

2730 0 

CaUium 

Oa 

2 3 

31 

69 72 

5 91 

29 75 

2000±1S0 


G« 

4 

32 

72 59 

532 

937 4 

2830 0 

Glucinum 

BBC £ 

rryUtitm 






Cold . 


1,3 

79 

196 967 

193 

1063 0 

29700 

Hafnium 


4 


178 49 

131 

2222 0 

5400 0 

Hehum 

He 

0 

2 

4 0026 

0126 

-269 7 

-268 9 


Ko 

3 

67 

164 930 

880 


2330 0 

Hydrogen 

H 


1 

100T97 

0 071 

-259 2 

-252 7 



3 

49 




2000 0 


I 

±1.4, 6.7 

S3 




183 0 


Jr 

2, 3. 4, 6 

77 




5300 0 


Fe 

2,3 

26 




3000 0 


Kr 

0 

36 

83 80 

26 

-157 3 

-152 0 

Lanthanum 

La 

3 

67 

138 91 

619 

920 0 

3470 0 

Lawrencium 

Lw 


103 





Lead 

Pb 

2, 4 

82 

20719 

11 4 

327 4 

1725 0 

Lithium 

Li 

1 

3 

6 939 

0 53 

108 5 

1330 0 


Lu 

3 

71 

174.97 

985 

1652 0 

1930 0 

Magnesium 

Mg 

2 

12 

24.312 

1 74 

650 0 

1107 0 

Manganese 

Mn 

2, 3, 4, 6, 7 

25 

54 938 

743 

1245 0 

2150 0 


* Tbe 103 chemical elemeDta known at the pr eae nt tiiae are mcliKied in thia table Some of thoee 
recently diacovered have been obtained only ea onatable laotopea. 

t Baaed on CBibon-12 Figures encloeed us paientbesea represent the mass number of the most 
stable isotope 

$ Flement sublimes unless under pressure 
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X. REFERENCE AND COLLATERAL READING 

There are many excellent textbooks and penodicals available for reference 
purposes and for supplementary reading in chemistry and related fields You 
will undoubtedly find some of these m your school hbrary A few representa- 
tive ones are listed below 

Inorganic Nebergall and Schmidt General Chemistry, D C Heath and 
Company Frey College Chemistry, Prentice Hall, Inc Sisler, Vander Werf, 
Davidson College Chemistry, The Macmillan Company 

Organic Wertheua and Jeakey Introductory Organic Chemistry McGraw 
Hill Book Company Noller Textbook of Organic Chemistry, W B Saunders 
Company Kelley Organic Chemistry, McGraw Hill Book Company Mom 
son and Boyd Organic Chemistry, Allyn and Bacon 

Phtsiological Anderson EssentialsofPhysu^ogical Chemistry, Sohn^iiey 
and Sons, Inc Hawk, Oser, Summerson Practical Physiological Chemistry, 
McGraw Hill Book Company Harrow and Mazur Textbook of Biochemistry, 
W B Saunders Company 

Food and Nutrition Sherman Chemistry of Food and Nutrition, The 
Macmillan Company Mitchell and Bernard Food in Health and Disease, 
F A Davis Company Meyer Pood CA«mtst7y,Reinhold Publishing Company 

Miscellaneous Meyer Introductory Chemistry, The MacmillaD Company 
Weeks Discovery of the Elements, Chemical Education Publishing Company, 
Easton, Pa Moore A History of Chemistry, McGraw HiU Book Company 

Pebiodicaxs In addition to the medical and nursing journals there are 
numerous periodicals which carry articles of mterest to students of chemistry 
Such publications as the Journal of Chemical Education, the Scientifie American, 
the Chemical and Engineering News, and Science are typical ones A new 
periodical. Chemistry, by the Amencan Chemical Society, os intended for 
advanced high school and for college students 

In searchmg for suitable material for reports, etc , one should not overlook 
the better encyclopedias 




LABORATORY WORK 


To the Instructor. 

At the beginning of each laboratory period the instructor should dis< 
cuss the experiment with the class, ouHining general procedures and 
clarifying objectives This eliminates many minor errors, delays, and 
difficulties that develop if directions ore not carefully read and followed 

The experiments are so prepared that the student need answer only 
one specific question at a time Each student's work should be individ 
ually cheeked at feast once durutg the foborotory period The student 
benefits by such conferences, and the Instructor goms a better knowledge 
of each student s ability After the mistakes are corrected the instructor 
initials or rubber stamps the experiment (date accepted) No grode 
need be given at this time, this con be done at the end of the course 
Such a method saves time for the student, makes It easy for the instructor 
to cheek the results, end helps him ovoid the drudgery of grading note- 
books after the foborotory period « over. 

Since there ere at least two loboratory exercises for most chapten, 
the first check may be mode upon completion of the first exercise, which 
usuolly occurs neor the middle of the period Upon completion of oil 
assigned work, before the opparotus (s cleoned ond put away, the 
student should bring the work to the instructor for o second and final 
check up This method ovoids o period end work inspection |am and 
results in a more orderly and efficient laboratory period However, ot 
times it may be more convenient to delay this final inspection until the 
start of the next laboratory penod 

Many chemistry instructors m nursing schools ore doctors or teachers 
from high schools and colleges, consequently they do not have the 
opportunity of becomng oequamted with each individual student In 
go ng over the laboratory work of o student, such an instructor is often 
embarrassed by incbdity to remember the students names To overcome 
this difficulty, space has been left ot the beginnng of each Laboratory 
Exercise for writing In the student $ nome dote, ond section 

Materials for eoch exercise usually can be kept m su table cardboard 
or wooden boxes, labeled with the number of the exercise and materials 
lacking end then shelved This procedure save* the instructor time in 
gettng material together for eoch exercise in the next semester course 
Also the mofenols ore conveniently ready for any student who is to make 
up on exercise 



PART V 


LABORATORY CHEMISTRY 

THE SrUOEKT'S CHEMICAL WORKSHOP 


A Laboratory Investigator) To lest potency a sc enlist adds an lodophor to 
pol o infected I vmg f isoe cultures Covrfet/' Wetf Chem eel Produeh Ine 
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CHECK LIST OF APPARATUS 

Section Date Name 


To the Student 

1 Remove all apparatus from your assigned drawer and cup 
board and place on top of your laboratory desk 

2 The pieces of general apparatus named and illustrated below 
are for the use of all sections Place them in the cupboard 
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Apparatus 



Apparatus 


1 filter paper 
package 


□ 



1 one-hole rubber 
stopper, to fit teat 
tube Hole aa large 
as in No 5 stopper 


□ 



I flask Erlen 
meyer, 2&0 ml 
Pyrer, to take 
No 5 stopper 


□ 




1 funnel, diam 
eter 2H inches, 
6-inch stem, or 
a funnel tube 


□ 


3 glass plates I I 

2M'by2H' I I 


Q 1 two hole rubber I I 
stopper. No 5, to 1 
fit bottle or flask i ) 


12 test tubes 5" by 

^ 1 test tube I 

brush I I 

1 rubber tubing p ""| 

6 inches, diam I I 

eter -ft mch I— 



4 To protect your clothing, provide yourself with a rubber or 
plastic apron or other outer garment (smock) unless one is provi 
ded Soap and a hand towel or wipmg cloth are also desirable 
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EXERCISE 1-CHAPTER I 
PHYSICAL AND CHEMICAL CHANGES 

Sechon Date Name 

Materials Magnesium ribbon silver nitrate solution pieces of doth potas- 
sium iodide mercuric chloride sodium bicarbonate tartaric acid 


Instruction 

(1) When a question is asked describe in detail what is observed, 
and where conclusions can be drawn state them briefly in this and all 
following experiments (2) Expressions preferably printed pertaining 
to all exercises must be done during the regular laboratory period 
(3) In carrying out the experiments keep in mind that m every chemical 
reaction there is a change m comoosition and in properties of the 
original substances involved along with an energy change 

(a) To Study the Change Produced by Burning Examine 
a piece of magnesium nbbon noticing that it is a lustrous white 
flexible sobd Hold one end with your test tube holder and insert 

the free end into a flame What happens'^ 


Now examme the product magnesium oxide, and compare it with 
the properties of the ongmal magnesium How do they difler^ 


A chemical change as compared to a physical diange mvolves 
(o) a change m composition of the euhstimce (&) a change m at 
least some of its ongmal descnptive properties and (c) an energy 
change Why is the bunung of magnesium considered to be a 

chemical change^ 


(J) To Study the Change Produced by Light Place a drop 
of silver mtrate solution on a piece of white cloth and expose for 
some time to the hght, preferably sunlight The dark appeanng 
spot la amorphous silver What apparent evidence mdicates that 




Laboratory Chem/sfry 


641 


light has produced a chemical change? 


(c) To Study the Change Produced by Heat: Place three or 
four crystals of potassium iodide and merciuic chlonde in a mortar 
and grind imtil there is decided evidence of a change. The pink 
compound formed is mercuric iodide Why consider that heat (here 

result of friction) may produce a chemical change^ 


(d) To Study the Change Produced by Water: Into a test 
tube place a pinch of sodium bicarbonate (baking soda) and an 
equal amount of tartaric add crystals Add some water. Why con- 
sider that water is an agent that may bring about a chemical 

change’ 


The mixture of baking soda and tartanc acid is very similar in 
comp<^tion to one type of commerciai baking powder, and it is 
also used in making certain effervescmg powders 

(e) Summary: A chemical change always involves a change in 
composition and corresponding energy changes In some cases 
energy is required and in others energy is given out during chemical 
change. For example, burnmg of magnesium produces energy in 

the form of light and , while to produce amorphous 

silver from a solution of silver nitrate, energy m the form of 

is required. 


Instruction: 

Unless otherwise directed, always wash all liquids and soluble solids 
down (he sink with plenty of running water. Waste solids, such as 
paper toweling, filter paper, and burnt matches should be placed in a 
waste paper container, while insoluble material, such as broken glass, 
should he placed in crocfo prooided for that purpose. Never put paper 
and glass in the same waste container. Ammonium hydroxide re- 
moves silver stains if not too old 673). 
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EXERCISE 2 — CHAPTER I 

ELEMENTS, MIXTURES, AND COMPOUNDS 

Section Date Name 

Materials Powdered sulfur {rhombic) powdered iron carbon disulfide, 
magnet magnifying glass 


(a) Place five grama of sulfur and seven gr ama of powdered iron 
on separate sheets of paper Observe their physical properties, i e , 
state, color, magnetic properties, solubihty of a pmch in one fourth 
of a test tube of carbon disulfide Iron and sulfur are elements 
Grmd together thoroughly in a mortar the sulfur and iron Place 
a pinch of the mixture on a piece of paper and examine with a 
magnifying glass Can you distinguish the iron from the sulfur’ 

Hold a magnet near a small portion of the mix 
ture Result’ What kind of a change’ 


(6) To a pinch of the mixture u a test tube add about five milli 
hters (ml ) of carbon disulfide (explosive near a fiame), shake, and 
filter into an evaporatmg dish To filter, fold a filter paper in half, 
and then again at nght angles to the straight edge Open the paper 




Rg 1 — Molting a Filtsr Cone 


as a cone, with a tnple layer of paper on one side and a smgle layer 
on the other (Fig 1) Place m a glass funnel What is the dark 
substance that remains on the filter paper or m the test tube? 


Allow the hquid (filtrate) in the evaporatmg dish to evaporate (do 
not heat) 

What 13 m the sohd residue? 

What kind of a change has taken place’ 
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(c) Place the remaining portion of the mixture in a test tube, 
clamp, and heat the lower part of the tube (Fjg. 2), cautiously at 
first, then strongly to a red heat (10 min ) while 
noticing the different changes. What evidence tube loosely 

is there that chemical action took place in the damped near 

mouth 


mixture? 


Allow the test tube to cool, and then break it 
in the mortar. Compare the physical proper- 
ties of the substance left with the original mix- 
ture. Can you now distinguish between the 
iron and sulto by means of a magnifymg glass‘d 


Has the magnet any effect upon the substance? 



Fig. 2— A Mixture 
Under Heat 


Of what is the substance composed? 


When elements combine chemically, do they retain their original 
properties? What is the new substance formed by 

the combining of two or more elements? 

Besides a change in composition and physical properties, what other 
characteristic do all chemical changes bave^ 

How does a compound differ irom a mixture? 

(d) Summary: Complete the following statements 
An element is 


A compoimd is 


A mixture is 
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EXERCISE 3— CHAPTER II 
GLASS WORKING 

Section Date Name 

Materials Two feet of glass tubing, triangular file: wing top. 


To fhe Instructor: The technique required in the manipulation of 
glass tubing should first be demonstrated before the class, provided 
students have had no previous experience in glass working 

(o) To Cut Glass Tubing: Obtain from the supply table, or 
room, the materials listed above; lay the tube on the laboratory 
table, and with the file make a deep transverse scratch in the middift 
of the tube. Grasp the tube as shown in Fig 3, holding the thumbs. 



Pig. S-'Braak Glati by Shoving with th« Fig. 4— SoFtontng Glosi Tubing by Hoot 

Thurnbi Sack of Scratchod Ploc*. Prior to Banding. 

one on each side of the scratch, opposite to the side of the scratch, 
and push gently with the thumbs. For large glass tubing it may be 
necessary to make a deeper scratch completely around the tubing 
or rod 

(b) To Bend Glass Tubing: Place the wing top on the burner, 
light the gas, and adjust the air holes at the bottom of the burner in 
order to secure a nonluminous flame. Hold the tube, as shown in 
Fig. 4 lengthwise, in the upper jiart of the broad flame, rotating it 
slowly 80 that the heat will be uniformly distributed on all sides. 
Continue the heating and rotating until the glass becomes soft 
enough to bend under its own weight. Remove from the flame and 
bend slowly to a right angle (Fig. 5). If the tube does not bend 
easily reheat and try again. Support the hot bend across some 
object so that the glass may cool slowly and not bum the desk. 
Later during the laboratory period when the glass is cool, make 
one arm of the right angle bend about two inches long, and the 
other end about five inches long. 

Fire*polish the ends as directed in (c). 
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(c) To FmE-POUSH or Seal the End of Glass Tubing: Re- 
move the wing top from the burner, and using the remaining half 
(one foot) of the original glass tubing (or a glass rod if provided), 
hold the end of the glass, as shown in Fig. 6, in the blue or non- 
luminoiis upper edge of the flame. This is a hotter flame than the 
yellow flame. Rotate the tube while heating, until you can see that 
the sharp edges of the glass are becoming soft and yellow in color. 
K the glass tubing is to be sealed at one end, or a glass rod is to be 
roimded, the tube or rod will need to be held for a longer time in 


Fig. Round and Flat Bendt. 



Fig. Smoothing the End of a Gla» 
Rod or Tube. 


the upper and hottest part of this flame. Support the hot end so 
that it will cool slowly and not bum the desk. 

If your right-angle bend is cool, cut to the dimensions as indicated 
in (6) and then fire-polish. Cut the sealed tube or rounded rod in 
the middle and preserve as a stirring rod. 

(d) To Draw Out Giw^ss Tubing; Using the remaining six-inch 
piece of glass tubing, heat lengthwise in the nonluminous flame 
until very soft. Remove it from the flame and immediately pull imtil 
drawn out, as shown in Fig. 7, to a h’ttle over half again its original 

Fig 7 — Drown Apart. 


length. Cool and cut in the cento-. Save one as a dropping tube or 
pipette. Submit the right-angle tube and the stirring rod to the 

Instructor for inspection and credit 

Instruction: Remember that broken glass is to he placed in a separate 
waste container. 
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EXERCISE 4-CHAPTER II 
MEASUREMENT OF LABORATORY VESSELS 


Section Date Name 

Materials Graduated cylinder, various vestels in laboratory dratcer, balance 


Note The metric ayatem of meaauremest la used in all scientific measure* 
menta The unit of length la the meter (39 37 inches) which is divided into 
100 centimeters (Fig 8) 

The unit of volume is the liter (1 05 quarts), which is composed of 1000 
millilitera (ml ) frequently called cubic centimeters (cc ) The umt of weight 
IS the kilogram which is the weight of 1000 miUiliteTS of water at 4* C (Fig 9) 
Each milliliter of water weighs one gram 
Remember 

1 meter (in ) >• 100 centimetera (cm ) 1000 millimeters (mm ) 

1 hter (1 ) ** 1000 miUilitera (ml ) or cubic centimeters (cc ) 

1 kilogram (kg ) « 1000 grams (Gm ) ■• 2 2 pounds 


Standards of Lineal 
Measurement 

CENTIMSTSM 
0 1 2 

0 INCH ’ 

2 54 centimetera equals one mcb 
g 8— Whol Are the Advonlngej ©f 
Theie Two Standards? 


Space Standard Compared 
With Weicbt Standard 



1 mL of water weighs 1 Gm 


Rg 9 — How Is Thu Used in Chem itry of 
Heoldi end D seasel 


(а) A Mental Concept of Vabious Volumes Add water to 

the graduated cylinder until the lower part of the curved surface, 
called the meniscus, reads 5 ml Pour this water into one of your 
test tubes and mark the upper level of the water Add 5 ml more 
of water and mark the upper level, and remember the approximate 
amount to be used when an experiment calls for 5 or 10 ml of a 
hqmd Add suffiaent water to fill the test tube, and measure the 
amoimt by use of the graduate Record it Remem* 

ber this volume held by the test tube, so that you can make ap 
proximate measurements m the future It is also convement to 
know how much of the lower curved portion of the test tube is 
required to hold 1 ml Try it 

(б) Approximate Volumes op Other Laboratoby Vessem 

Pour 25 ml , 50 ml , and 100 ml portions of water mto your beaker. 
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flask, and evaporating dish until you know the approximate amoimt 
of liquid contained m these vessels, or parts of them. 


Test tube holds 

ml 

Beaker holds 

ml. 

Flask bolds 

ml 

Evaporating dish holds 

ml. 

Bottle holds 

ml. 


In aU following exercises estimate instead of measuring metric 
volumes, unless unusual accuracy is required. 

(c) Measurement op Weights* The trip scale, tnple beam bal- 
ance with a capacity of 610 Om. and a sensitiveness of 0.1 Gm 
makes a very satisfactory balance for general laboratory purposes. 
Time is saved in weigh- 
ing and no weights are 
ever lost or misplaced. 

Place a beaker on the 
left pan of the balance 
and weigh (Fig. 10). 

Four 100 ml of water 
into the beaker and 
weigh agam Record the 
weights below. If den- 
sity IS the weight divided 
by the volume, what is 

the density of water in ng TO— toborotory Bofanee 

grams per milhhter? for Weighing 



Record your figures in the following fable* 

Wt of beaker -I- water 

Gm 

Wt. of beaker 

Gm 

Wt of IDO eJ of water 1 


Density of water m grama per ml I 

Gm 


Considenng that hydrochloric acid has a density of 1.2 grams 
per ml., what would be the weight of 100 ml. of hydrochloric aad? 


(d) Summary: In scientific measurement the 
system is used. Its chief advantage hes in its ease of making cal- 
culations, since the relationship between the units is on a basis of ten. 
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EXERCISE S-CHAPTER II 
LIMEWATER 

Section Date Name 

Limewat«r la a saturated aolution of calcium hydroxide It should contain 
not leas than 0 24 per cent of Ca(OH)g at 25* C FreserFs it is TFell>filIad 
tightly stoppered battles 
Material' iime 


Fill the curved bottom of a teat tube with powdered hme. Fill 

the test tube almost completely with distilled water and shake 

vigorously for several minutes in order to form a saturated solution 

of the white solid, namely, calcium hydroxide. Filter (Fig. 11) and 

use the clear bmewater for the rest of the experiment. 



Fig 11 — Fi1t«nng 



Wfffr tiPPUSD 
eetow si/fif/tce 

OP LIQUID 


(а) Using freshly prepared hmewater, record the taste 
What is its action on red htmus paper? 

(б) Complete the equation for the reaction which takes place 
when water is added to quicklime by making the formula for cal* 
cium hydroxide. 

CoO + HsO-f 

CofeAna AfdlivxW* 

What is a common name for the white solid formed? 

Is it very soluble? 

(c) Pour several drops of limewater on a glass plate and allow to 
stand exposed to the air for a few minutes. By means of a glass 
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tube blow air through some limewater contained m a test tube. 
Observe the formation of a white insoluble precipitate * Complete 
the equation for the reaction by making the formxila for calcium 
carbonate 

Ca(0H)2 + C02->H20 + 

Carbon Calcium earbonals 

dioxM* 

What is the name of the solid formed? 

What is the scum formed on the surface of the limewater on the 
glass plate? 

Why should limewater be preserved in well-filled, tightly stop- 
pered bottles? 


(d) Instruction: When heating a liquid in a test tube (Fig. 12) 
always hold the tube in an inclined position with the mouth of the tube 
away from anybody, and slightly agitate the liquid by a sidewise shak- 
ing of the tube. Never heat the tube above the surface of the enclosed 
liquid. 

Heat some clear bmewater m a test tube Examine carefully m 
a good hght. Does the solubility of the calcium hydroxide in the 
water increase or decrease with rise in temperature? 

(a) Suxuuary: A filtrate is defined as 


A saturated solution is 


Tbe test for carbon dioxide is 


Do aU solids increase in solubility with rise in temperature? 


Any remaining time may be devoted to practice in formula and 
equation writing. 

« A preapiiat« la an {nsolubte aubstance fonned in a liquid In some casaa tba pn 
apitate doea not aettle out, but ramaina auapendad and imparta a cloudiseoa to tbe 
liquid 
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EXERCISE 6-CHAPTER III 

OXYGEN: PREPARATION AND PROPERTIES 

Section Date Name 

Materials Pofosstum chlorate, pulverized Tnanganese dioxide, charcoal, 
sulfur, sodium, steel loool Deflagrating spoon {most satisfactorily made from 
8 inch piece of heavy soft tran loire, flatten at the end and iend at right angle) 


Preparation: 

Add to about one-third of a test tube of potassium chlorate, one- 
tenth as mudi pulverized manganese dioxide (catalytic agent). 
Place your thumb over the mouth of the test tube and mir con- 
tents of the tuba by shakmg it Push (by a rotary motion) the 
moistened end of a right-angled glass tu^, into a single-hole rub- 
ber stopper which fits this teat tube Moisten the end of a piece of 
narrow rubber tubing eight inches long, and shp it over the other 
end of the right-angle tube Place the stopper m the test tube and 
clamp the tube in a horizontal posiUon Tap the test tube gently 
in order to distribute the mixture along the lower side (Fig. 13). 


Rb 13 — To Note tho Phyileal Proper- 
ffei of Oxygen 

Partly fill the pneumatic trough with water and invert m it three 
bottles filled with water. Heat the test tube gently, so that there 
will be a slow evolution of oxygen Now collect three bottles full 
of gas, covering each when filled with a glass plate and set them 
mouth upwards on the table. The slight cloud that is often present 
when oxygen is prepared from potassium chlorate and manganese 
dioxide is due to an impurity and shortly disappears if the gas is 
left to stand over water. 

Complete the following equation: 

Potaiilum chlorate— > Polofdum chloride + Oxygen 
aKaOs -4 -+- Oa 
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A. PHYSICAL PROPERTIES 

From observaiaons and study state the physical properties of 
oxygen, namely: Physical state , color , 

taste and solubihty in water 

B. CHEMICAL PROPERTIES 

(o) Carbon: Lower a piece of glowing charcoal contained in a 
deflagrating spoon into one bottle of oxygen (Fig. 14) and keep 
there until all action is over. Remove the spoon and cover the top 

of the bottle with a glass plate. Result? 

Of what is the resulting gas composed? 


The chenucal name for the product formed is 
Write the equation: + 


A” 





Rg 14 — Docs Carbon Hove on Affinity for OxygenI 


Remove the glass plate and add one-half a test tube of water. 
Close with the hand and shake thoroughly for at least a min ute m 
order to dissolve all of the gas in the water. Place a strip of blue 

litmus paper in the bottle. Result^ 
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Litmus paper turns red in the presence of an acid, and all acids 
contain hydrogen. Litmus papa* turns blue in the presence of a 
base, and all bases contain oxygen bound to hydrogen in what is 
known as a hydroxyl group (OH). Verify by looking at the formulas 
on the bottles of acids and bases. 

Does the oxide of carbon dissolved in water form an add or a 
base? 

Pour the solution into a clean test tube, and to this solution add 
a few miUihters of hmewater. If there is no apparent change, 
look down through the h'quid in the test tube in the presence of 
good light. Result? 


Calcium hydroxide (limewater) & a test for carbon dioxide and for 
carbonic acid (p 649). 

(&) Sulfur: Put a pinch of sulfur in the deflagrating spoon and 
hold in the upper part of the laboratory flame until the sul^ begins 
to bum (kindling temperature). Observe the color and the size of 
the flame. Now lower the burning sulfur into a bottle of oxygen. 
Result as to change? 

Remove the spoon, cautiously smell the gas m the bottle by fanning 
some of the gas toward you with your hand Describe the odor. 


Of what is the gas composed? 

Write a possible name for this gas 
Considering the valence of sulfur to be four, write the equation 

„ _ _ , + -- 

Sulfur Oiygan 

Place both red and blue htmus paper in the bottle, add one half a 
test tube of water, close with the hand and shake. What does the 
change in color of the htmus paper indicate? 


(c) Sodium: (Demonstration by Instructor.) Clean the spoon 
and place a small piece of metalhc sodium on it. Hold at arm’s 
length, warm until the sodium begins to bum and then immediately 
thrust it into a bottle of oxygen. Result? 
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Of what is the product composed? 

Is it a soKd or a gas? Write a possible chemical name 

for the product formed Write the equation 

_____ _ _ 

Sodium Oxygon 

Place both red and blue htmus paper in the bottle, add a little 
water, remove the spoon, close the mouth of the bottle with your 

hand and shake it. Result? 

What does the color indicate? 

(d) Ibon: Twist a piece of steel wool around the spoon end of the 
deflagrating spoon. Ignite it and immediately lower it into a bottle 

of oxygen. Result? 


Observe the solid combustion product. The compound formed, 
magnetic oxide, Fe 304 , is a combination of ferrous oxide and ferric 
oxide. Write the equations for the formation of each oxide. 


fron (ferroutf 

+ 


-¥ 

Ferrovi oxU« 

Iron (Fcrri<) 

+ 

Oxygon 


Ferric oxide 


(e) What is formed when elements bum in oxygen or air? 

Make a general statement as to the relative 
intensity of burning in oxygen and in air. 


When oxides of elements combine with water and give acid reac- 
tions to litmus paper those elements are classified as nonmetals 
When oxides of elements give a basic reaction (turn red litmus blue) 
in water, these elements are classified as metals. How would you 
classify sulfur , carbon 

and sodium’ Any oxide of an element which 
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combines with water to form either an add or a base (hydroxide) is 
called an anhydride. The nomnetallic oxides that form acids are 
called acid anhydrides. Likewise the metallic oxides forming bases 
are called basic anhydrides. Anhydride means “without water.” In 
the following equations: 

HjO "h CO2 H2CO3 Carbonic acid 

CaO HjO Ca(OH)2 Calcium hydroxido 

the ccid anhydride is while 

is a haste anhydride. 


Summary: 

In the preparation of oxygen 1mm potassium chlorate, why is 
manganese dioxide called a catalytic agent? 


Is oxygen active at ordinary temperatures? 

An oxidizing agent, as potassium chlorate, is one that 


Kindling temperature is defined as 


The products of oxidation are called 

Anhydrides are of metals or nonmetals 

An element whose oxide reacts with water to form a base is classi* 

fied as a 

If an add is produced the element is classified as a 


Insiruciion: 

Disconnect glass tubing in this and all following experiments from 
rubber stoppers and tubing before leaving the laboratory. 
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EXERCISE 7— CHAPTER IV 
WATER: DISTILLATION OF WATER 


Section Date Name 

MATERtALS Potassium permanganate crystals, salt, phenolphthalem solu 
ion, bent glass condensing tube 


(a) Set up the apparatus as shovm 
in Fig. 15. Pour into the flask 100 ml. 
of water and add two or three crys- 
stals of potassium permanganate and 
a big pinch of salt. Heat the con* 
tents of the flask to boiling and col- 
lect a few milliliters of the condensed 
steam (distillate) If there is no dis- 
tilled water in the laboratory you 
will need to collect approximately 
two test tubes for the next experi- 
ment. Is the process of distillation 



Ftg 15 — Dittillfltlen of Water. 


physical or chemical? 

Taste the distillate. What two evidences are there that the water 
has been punfied by distillation? 


What substances in the original liquid do not vaporize under the 
conditions of the experiment? 

How could salt water be 

converted into fresh water? 

Record the taste of the distilled water 

How do you accoimt for the taste of boiled or distilled water 

Suggest a method for improv- 
ing its taste 

(6) Add a drop of phenolphthalein to some distilled water in a 
test tube. (Phenolphthalein is an indicator which turns red in the 
presence of a trace of a strong alkali.) Result? 
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To a test tube of tap water add one drop of concentrated am* 
monia water* (ammonium hydroxide, NHiOH) and a drop of 

phenolphthalein. Result? 

Phenolphthalein is used as a test for any hydroxide solution. 

(c) Almost fill one of your six-ounce bottles with tap water, and 
by means of a clean, dry dropping tube or glass rod, remove and 
add one drop of concentrated ammonia water. Pour into a clean 
flask and distill. Collect one-half a test tube of the distillate in each 
of six clean test tubes; each teat tube containmg one drop of phe- 
nolphthalein. When the water in the beaker becomes hot, change 
it for cold water. (If Exercise 8 is to be performed, proceed with 
it while collecting the six tubes of distillate ) Save and check the 

six tubes with the Instructor What evidence 

is there that the ammonia passes over with the steam? 


Do the first portions of the distillate contain more or less am- 
monia than the latter portions? 

In what manner does ammonia, as an impurity, differ from the 
salt and potassium permanganate of pjirt (o)? 

From what type of impurities can water be freed by distillation? 

(d) Place four or five drops of the distilled water in a clean evapo- 
rating dish and evaporate, holding the evaporatmg dish a few inches 
above the tip of the flame. Is there any residue? 

Repeat, using city water. 

Why is distilled water used for so many laboratory experiments in 
preference to city water? 


* See Fjg 17, page 667, for tecbtuc of removing stopper, pouring, and Toeaeunog, if not 
previoualy taught 
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EXERCISE 8— CHAPTER IV 
SOFTENING HARD WATERS 

Section Date Name 

Materials Saturated calcium atlfate solution, magnesium sulfate solution 
(I 2500), borax, sodium carbonate, sodium phosphate, clear soap solution, dis- 
tilled water Head Soap, pagea ^1-365 

(а) To a test tube half fulJ of distilled water add a drop of soap 
solution. Close the mouth of the t^t tube with your thumb and 
shake the tube thoroughly. Allow the tube to stand imdisturbed 

for about two minutes. Are the suds permanent? 

Has a precipitate formed in the solution? 

(б) Using one-half a test tube of faucet water instead of distilled 
water, repeat (a). If permanent suds do not form with one drop of 
soap solution, continue adding soap solution and shaking until the 

suds formed are permanent. Has a precipitate formed? 

(c) Using one-half a test tube of distilled water which has been 
made hard by the addition of a few drops of caldum sulfate solu- 
tion, repeat experiment (6). How do your results compare with 

those in (&)? 

When suds form, has hard water been made soft? 

Can soap be used to soften hard water? 

(d) Using one-half a test tube of distilled water which has been 
made hard by the addition of a few drops of magnesium sulfate 
solution, repeat experiment (b). Are the results similar to those 

of (c)? 

(e) Using one-half a test tube of distilled water which has been 
made hard by the addition of a few drops of either magnesium sul- 
fate or calcium sulfate solution, add a sufficient number of drops 
of soap solution to produce a precipitate, but not enough to form 
suds upon shaking. Rub a small amount of the precipitate between 
your fingers. Results? 
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State your reasons why hard water is unsuitable for laundry use 


(/) Evaporate a few milhbtera of water rendered hard by either 
calcium or magnesium salt solutions State your reasons why hard 

water is unsmtahle for steam boilers 


(£) Dissolve a pmch of sodium carbonate (washing soda) m one 
half a test tube of hard water, add a drop of soap solution and shake 
the tube thoroughly Continue adding soap solution and shakmg 
until suds form Keep m mind the number of drops of soap used 
Instead of washing soda, use borax and repeat again Repeat again, 

but this time use sodium phosphate Conclusion 


Complete the following indicated equations 


CaSOi + 

N02C03-^ 

ColcSvm 

Ca'b«nal» 

+ 

Sed urn 

MgS04 + 

Na2C03— > 

Mognvilutn 

tarbonol* 

+ _ 

Sed urn 
lulfota 

CaSO« + 

Na2B407— > 

If 

+ 

Sedum 

lulfala 

MgSOi+ _ 

NosPO*-^ 

Magnvilvm 

pheiphol* 

+ 

Sod urn 


Summary* Hard water contains, pnmarfly, compounds of the 
metals and 

Hard water may be softened by the addition of 
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EXERCISE 9--CHAPTER V 
SOLUTIONS 


Section Date Name 

Materials’ Potassium nitrate, "AypOt” copper sulfate crystals, sheet gelatin, 
animal charcoal (bone black), dilute litmus solution, sodium chloride solution, 
stiver nitrate solution, CPhe carrot deoionatration, Exercise 10 6 (e) should 
be started at the bepmucg of the laboratory period by the Instructor.) 


A. THE EFFECT OF TEMPERATURE UPON SOlUBtLITY 

(a) Measure out ttvo-thirds of a test tube of potvdered potassium 
nitrate. Add this, a little at a time with constant shaking, to a test 
tube containing 5 ml. of water. When no more will dissolve, pour 
this solution into another test tube. Feel the lower part of the test 

tube. Result? 

Heat slowly this saturated solution of potassium nitrate imtil it 
begins to steam, adding potassium nitrate in small amounts with 
constant shaking or agitation, unto no more salt dissolves. Allow 
this test tube solution to cool to the temperature of the room. Does 
it require much more potassium nitrate at a high temperatiu’e than 

it does at a lower temperature for saturation? 

Compare and record the effect of temperature on the solubility 


(6) Recall or repeat the experiment (p. 649) on the effect of heat- 
ing one-half a test tube of limewater. Does an increase in temper- 
ature always increase the solubility of a solid? 

B. SUPERSATURATED SOLUTIONS 

(a) Fill a test tube one-half full of sodiiun thiosulfate crystals 
(“hypo”). If the “hypo” crystals are covered with a white powder 
due to the loss of water, a few drops of water must be added. 
Sodium thiosulfate, NazS^Oa • 5 HaO, is chosen since it already 
contains sufficient water to make a solution at higher temperature. 
Heat cautiously with a small dame imtil a clear solution results. If 
necessary, raise to the boiling point. Place the test tube in a beaker 
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or bottle of water and allow to cool undisturbed. If a solid should 
settle out, redissolve by beat and repeat the experiment. The solu* 
tion is now supersaturated. Drop a tiny crystal of “hypo” into the 
cold liquid. Result? 


Feel the lower part of test tube. Result? 


Substances which crystallize out of solution always show this 
change of temperature, e. g , water to The heat absorbed when 
the “hypo” dissolves equals the heat given off when it crystallizes. 
Crystalline substances when added to water as in (a) upon being 
dissolved always absorb heat Advantage of this fact is taken in 
preparing freezing mixtures In fact whenever a substance changes 
its state, heat is either hberated or absorbed. This principle is 
applied in refrigeration 

C. FACTORS IN MAKING A QUICK SOLUTION 
A mass dissolves at its surface only. The larger the total surface, 
the faster it dissolves Iherefore, when a solution is to be pre> 
pared quickly, the solid should be powdered. 

(a) Take two crystals of copper sulfate of equal size, which will 
slip into a test tube. Place one crystal in a test tube and, after 
pulverizing the second crystal in a mortar, place the powdered 
copper sulfate in a second test tube Fill each test tube two-tbirds 
fuU of water. Place your thumb over the mouth of each tube and 
shake it gently, noting the time for the powder to go into solution 
What fraction of the original crystal remains in the first tube? 


To save time, in what form should you use a sohd to be quickly 
dissolved? Save for lOB /q) the tube MntainiAg 

the dissolved powdered copper sulfate. 

(6) Warm the test tube containing the undissolved copper sul- 
fate. What effect has heat upon solution? 

(The color of the solution will indicate the amount of copper sul- 
fate that has dissolved.) 
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(c) Would stimng aid m dissolving a solid’ 
Why’ 


In the process of digestion foods are changed into soluble sub* 
stances Why, then, should food be well chewed’ 


Solution of a sohd in a bqmd is hastened by several factors, 
namely , , 

and 


D SOME PROPERTIES OF COLLOIDS 

(a) Adsorption Heat about one gram of animal charcoal 
(bone black) in a porcelain dish for a few mmutes This is to 
activate the charcoal by ezpeUing the occluded gases When the 
charcoal has cooled place enough of it m a test tube to fill the 
rounded portion of the tube Add enough dilute litmus solution to 
half fill the tube and shake the tube and its contents vigorously for 
at least one minute Filter out the charcoal through two thicknesses 
of folded filter paper (or one sheet of quantitative paper) and com 
pare the filtrate with some of the original litmus solution Result’ 


The concfensmg of gases or cfissofvecf substances on the surface of 
colloids IS called 

(b) Imbibition Cut sheet gelatm mto two equal sized pieces, 
about M by K i^ch Place one piece in a test tube and cover with 
cold water A^r several mmutes compare its size with the remain 

mg dry piece of gelatm Result"^ 
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The swelling of a colloid in a water solution is called 


Save the gelatin-water solution for (c). 

(c) Protecting Action op a Colloid: To keep dispersed ma- 
terial from running together and forming larger particles which 
settle out a protective colloid may be used. 

To one-half a test tube of so^um chloride solution add five 
drops of silver nitrate solution and stir thoroughly with a glass rod. 
Place in the test tube rack. 

To another test tube one-half full of sodium chloride solution 
add about 1 ml. of gelatm solution saved from (6), mir thoroughly, 
and then add five drops of silver mtrate solution. Stir thoroughly 
with a glass rod and stand in the test tube rack along side of the 
other tube Observe from time to time as you proceed with your 
other experiments. 

In the one tube a precipitate of AgCl formed and settled. In the 
test tube containing the gelatm, the AgCl remained suspended in 
what is called a 

How do you imagine gelatin acts as a protective colloid? 


state. 
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EXERCISE lO-CHAPTER V 
OIFFUSION, OSMOSIS, DIALYSIS 


Section Date Name 

Materials Copper sulfate eoluium, 0 85 per cent sodium chloride solution, 
saturated potassium ferrocyanide solutton, carrot, saturated sugar solution or 
molasses, bit, blood lancet or needle, starch, iodine solutton, copper sulfate, co/> 
lodion (or cellophane sausage skins obtained from Vtsking Corporation, Union 
Stock Yards, Chicago, or vegetable parchment in 6' i 6' sheets, “Patapar,” in 
box of 1000 sheets), thread 


To the Instrucfor: To save time part B lends itself to demonstration. 

A. DIFFUSION 

Tie a thread to a oryatal of copper sulfate and suspend it in a 
test tube of water. Hold the tube before your eyes in a strong 
light and observe what is happening. 

What name is given to this phenomenon^ 

What causes the dissolved partides to move? 


Where is the pressure greater? 


Where is the concentration greater? 


6. OSMOSIS 

(a) Fill a test tube with a copper sulfate solution (decided blue) 
and introduce into this solution a drop of concentrated solution of 
potassium feirocyam'de by letting it drop firom a glass dropping 
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tube, the end of which is just above (1 cm.) the surface of the 
copper sulfate. (If the drop falls to the bottom and breaks, repeat 
the experiment, using a stronga* solution of copper sidfate ) Red 
copper ferrocyanide is predpitated, forming a semipermeable 
membrane, wWch smrounds the drop 

In a few minutes observe the drop. What has happened to the 
size of the drop? 

Explain what produces thia result 


(6) Dissolve a drop of blood* into a test tube full of distilled 
water, and another drop into a test tube full of physiological 
sahne solution. 

How do you account for the fact that in one test tube there is a 
turbid suspension of blood cells, while in the other, only a clear, 

pinkish red solution? 


The result obtained in (a) and (6) is analogous to that of intro- 
ducing into the body a hypotonic sahne solution after a hemor- 
rhage. This is an illustration of what? 

If a drop of dilute copper sulfate were added to a concentrated 
solution of potassium ferrocyanide, the drop would shrink. This is 

an illustration of what? 

(c) (Demonstration by Instructor); Use a bit or cork borer and 
make a hole about halfway through a carrot, beginning from the 
top.t 'Ihen fill the hole with molas^ or saturated sugar solution 

* Use a Btenlued blood lartcat or needle to obtain blood from the ear lobe or fin^r 

t If the carrot U old. it mar be oeceaaary to icrape off bgbUy tbe oataide epidermia 
with a knife 
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Fit the hole tightly* with a one-hole stopi>er, holding a glass tube 
about one yard long, and immerse the lower half of the carrot in a 
beaker of water (Fig. 16). Label the level of the sugar solution in 
the glass tube, and allow to stand an hour or until 
the next day. Why does the solution rise in the 

tube? 


Besides in the blood, where does osmosis occur 
in the body? 


The passage or diffusion of solvent molecules 
is called 



Fig. 16— Oimojii 
In o Carrot. 


C. DIALYSIS 

(a) DiALYZmc Tube; Prepare a collodion bag by filling to the 
top a dry, clean test tube with collodion. Pour the collodion im- 
mediately into the original container, invert the test tube and 
clamp it to a ling stand. While the collodion bag is drying proceed 
to (d). Afterabout five minutes, when no odor of ether is noticeable, 
fill with tepid water, loosen the edges of the film at the rim of the 
test tube with your fingernail or some sharp instrument such as a 
knife, and then with a pencil between the membrane and the test 
tube carefully loosen the membrane to the bottom of the tube. 
Proceed to (c). 

(5) Colloid and Cryotalloid Solutions: Prepare a colloidal 
starch solution by bringing to the boiling point less than a pinch 
of starch (the amount that would stick to one finger) in half a test 
tube of water. Prepare a crystalloid solution by dissolving (do 
not heat) sufficient copper sulfate in half a test tube of water to 
impart to it a clear deep blue color. Hold both t^t tubes in a ray 

of light. How does the colloidal solution look? 

* Melted paraffin or candle greaae dropped around the inserted stopper will assure a 
tight St. 
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Filter the starch solution and when cool test a few miUiHters of the 
filtrate with one drop of dilute iodine solution. A blue color indi- 
cates the presence of starch. Can a colloid be separated by filter 

paper? 

Mir the two solutions of copper sulfate and iodine free starch, and 
save for (c). Finish (a). 

(c) Dialysis: Using a pencil or tube, carefully loosen and re- 
move the collodion membrane firom the test tube, pour out the 
water, partially fill it with the mixture of copper sulfate and starch. 
Wash off any solution spilled on the outside of the bag, lower the 
bag into a 25 ml. graduate or beaker half full of water (preferably 
distilled), allowing the top of the membrane to hang over the rim 
of the glass. At the end of five minutes or more remove the bag 
and look down through the liquid m the graduate The blue color 
indicates the presence of Add a drop of 

iodine to the water in the graduate or beaker. Is there any starch 
in the distilled water? What type of solutions 

are retained by a membrane'^ 

Are colloidal particles larger or smaller than the molecules of 

crystalloids? Would you think that col- 

loidal foods, such as starch, proteins, and emulsions, would be di- 
rectly absorbable from the alimentary canal? 

Before colloidal foods may be absorbed through the intestinal 
wall into the blood stream they must be dismtegrated mto a more 

finely dispersed state by the chemical process called 


In a post-mortem examination following the suspicion of poison- 
ing with a metallic salt, such as that of lead, arsenic, or copper, 
the separation of the crystalloid from the colloidal material of the 

body (food, albumin, etc.) is done by a process called 


Define dialysis 
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EXERCISE I1--CHAPTER VI 
IONIZATION 

Section Date Name 


Materials Glacial acetic acid, cone tulfuric acid, zinc, calcium hydroxide, 
sodium chloride, silver nitrate, sugar, ethyl alcohol, chloroform, and silver nitrate 
solution 



Instruct ion: Study drawing for technic of removing stopper, pour- 
mg, and measuring. In case acids, bases, or other chemicals are spilled 
or spattered on clothing or skin, or in the eyes, wash immediately with 
large quantities of water {preferably running water). Have someone 
notify the instructor. 


A. ElECTROtYTES 

1. Acids (a) Into a dry lest tube pour about 2 ml of glacial 
acetic aad obtained from the supply table. Dip a dry glass rod into 
the acid, transfer a drop of it to an evaporating dish, and then lay 
a strip or piece of dry blue htmus paper on the top of the drop of acid 

Is there any immediate acUon noticeable’ 

Add a drop of water to the add and the blue htmus paper. The 
color of the litmus is now What is necessary 

for the add to react with the blue litmus? 
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( 6 ) Drop a small, dry piece of zinc into 2 ml of concentrated 
sulfunc acid contained m a test tube Is there much evidence that 
a gas IS being evolved’ 

Into a second test tube half full of water, slowly pour the acid 
and then add the zmc Besides the heat generated what apparent 

evidence is there that chemical action is taking place’ 


What IS necessary for the acid to react with the metal zmc’ 

Does the dilute II2SO4 show any properties that concentrated 

HjSOi does not show? Will zmc readily 

displace H3 from concentrated sulfunc acid that is not diluted or 

ionized’ 

The reactions m (0) and ( 6 ) are the result of ionization,* and to 

cause ionization must be present Whte 

the equation for the ionization of sulfunc acid, that is, show how 
the acid molecule breaks up m water, one part becoming positively 
charged and the other negatively charged 

H2S04-4_ + - 

What ion is responsible for the diaractenstic action of aads’ 


2 Bases Place a piece of dry red htmus paper upon a pmch of 
dry calcium hydroxide Result’ Add a few 

drops of water The color of the htmus is now 
Does water brmg out any properties which the dry matenal does 
not indicate? Do dry hydroxides give the 

lor hydroxyl ions’ Red htmus paper 

turns m the presence of hydroxyl ions 

Wnte the equation for the ionization of calaum hydroxide showing 
the formation of positive and negative fragments 

Ca(OH)2-^ +_ ~ - 

* Refer to text for ezplasation of iooizaUcn 
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What ion is responsible for the characteristic action of bases? 


3. Salts. Dissolve one crystal of sodium chloride and one very 
small crystal of silver mtrate in separate clean teat tubes containing 
a few nd of distilled water. Mix the two clear solutions Result? 


Silver mtrate solution is used as a test for the chlonde ion. If an 
electrolyte (acid, base, salt) is insoluble, will it show ionization? 

Remembering that the salt, silver chIo« 
ride, is insoluble, complete the following ioiuc equation 

Na+CI' + Ag*N03--^_ + i 

Mdlmn nllTDtft tilvar chlorlda 


B. NONElECTftOLYTES 

Rinse three clean teat tubes with distilled water. In one teat 
tube containing distilled water d^olve a few crystals of sugar 
(CuHssOii), and in another test tube containing distilled water 
dissolve a few milliliters of alcohol (CsHsOH) Mix in the third test 
tube a few milliliters of chloroform (CHCh) and distilled water. 
Make a test for the hydrogen ion with blue litmus paper, the hy- 
droxyl ion with red litmus paper, and the chloride ion with silver 

nitrate solution Do you get positive tests for these ions*^ 


Summary: What classes of substances ionize? 

In general if a rapid reaction 
takes place in solution, is it probably between ions or molecules? 

Which are more active chemically in 
solution, electrolytes or nonelectrolytes? 

Why do nonelectrolytes not ionize? 

What type of valence exists in nonelectxolytea and compound 
radicals? 
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EXERCISE IR^CHAPTER VI 
STAINS 

Section Date Name 

Materials Bleaching powder, sodium carbonate, saturated oxalic acid 
solution, hydrogen peroxide, potassium permanganate, citric acid solution. Car- 
bona, alcohol, turpentine, borax, "hypo’’ ammonium hydroxide, starch Pieces 
of muslin discolored lYirious stains, as ink, paint, mildew, etc. 

Stains of a physical nature, sud) as a grease spot, are easily re- 
moved by finding the right solvent; but if the stain has been formed 
by a chemical action, as an ink spot, then a chemical reaction is 
necessary to change it over into a soluble form so that it may be 
washed out. 

Home and Garden Bulletin no. 62 of the U. S. Department of 
Agriculture, on the removal of stains, may be obtained at nominal 
cost by writing directly to that Department. If this bulletin is 
available, remove all stains from the pieces of cloth given you by 
the Instructor according to the methods in this bulletin, or in the 
accompanying directions 
Chlorine fileoch: 

Place 10 Gm. of bleaching powder (chlorinated lime) in a 250 ml. 
beaker. Add a solution of 10 Gm. of washing soda diswived in 100 
ml. of water. Stir thoroughly, allow the mixture to settle, and 
filter the supernatant liquid. This clear solution is a good bleach, 
but must not be left too long on the clothes. When treating stains 
with this solution, stretch the stained portion over an evaporating 
dish, or a beaker, and apply the bleach with a medicine dropper or 
glass tube. Neutralize the chlorine bleach with oxalic acid solution 
and rinse well in water. Repeat many times if necessary. Ink 
eradicators are composed of such solutions. Chlorine bleaches must 
not be used on animal fiber. 

Potassium Permanganate: 

Dissolve several crystals of potassium permanganate in less than 
a milliliter of water so as to make a concentrated solution. Apply to 
the stain with a glass rod or tube, and allow it to remain for five 
minutes on the stain. Tbe brown stain is removed by applying 
hydrogen peroxide made slightly add by a drop of hydrochloric 
acid. Repeat if necessary. Rinse well. 

Obtain from the Instructor pieces of stained goods. Remove 
the stains and return the goods for record. 





taborofory Chemislry 


671 



Pig t 8 — S(an Removal Treoing a sfan on nonwoil'able artcfe with sodum 
perborote bleach Apply a aoMion of sodvm perborate Rnse well using a 
imall syringe to force woter through die spot and sponge to absorb the water 
Courtesy U S Deportment of Agr culture 



Pig 19 — $tan Removal Applying o grease solvent Place fabric stained sde 
down on o pad of absorbent moterial Sponge bock of sto n w th pod d pped 
into grease solvent Apply only a I Hie solvent at a t me Work from center of 
ston toward outsde edge usng IgM brush ng or tamping motion Courtesy 
U S Deportment of Agneo/ture 
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stain 

AfethaJi Remoinng Some Common Stains 

Alkali 

Yellow diacolorations from aii exceaa or carelcea use of washioff eoda 
borax ammonia and atront alkali aoaps are removed by waatung in 
water or by treatment with a mild acid aa lemon juica (citric acid) 
white vinegar (< per cent aAeUc aadl and oxalic aod eolutioo Rmae 
repeatedly 

Blood 

Freah blood ataina on waah (Ooda are removed by soaking m cold water 
and then washing m lukewarm soap solutiom Freeh stains on clothing 
s tk and wool are sponged with warm water and then bleached with 
' fliOi if a trace atiU remaina Steaming removes any resulting water 

1 7U9ig8 Fraab Jlains on hasry maienals each at hlanketa may be ro 
moved by applying a thick paat* of uncooked starch paste and brush 
ing it off aa rapidly as discolored Old blood stains are soaked in 1 per 
cent ammonia and then laundered 

Chocolate 

Coffee 

Freah ataioa on washable gooda are removed by stretching the goods across 
a supporting structure (bow|) and allowing hot water to run through 
them Waah in hot soap solution If necessary use a chlonna bleach. 
Fresh stains on unwsshable goods are sponged with wsm water Any 
remauung grease spot from the oeam used may be removed by a grease 

1 solvent sa Carbons and naphtha 

Cod Liver 
Oil 

Soak In kerosene one hour boil in eoap solution ten minutes and nns* In 
warm water 

CoemetiCB 

Lipstick naH polish and rouge may frequently be removed by ordinary 
washing Any remaining stains can be dissolved by Carbons or acetone, 
to be followed by a chlonne bleach which is warm. 

Egg 

Scrape off as much egg as poeaible Wash or sponge the goods with luke 
warm water Launder wash goods in warm soap solution. Any remam 
ing grease spots are removed by grease solvents 

Fruit 

(dyes) 

Fresh fruit stains cm washable goods are usually aoluble m running cold 
or hot water A 60 per cent alcohol solution will generally remova fruit 
stains from silk or wool Stains from fresh fruit are harder to remove 
than those from cooked fruits Stains from dark fruits are difficult to 
remove and are set by soap Lemon juice or a chlorme bleach on the 
goods and exposure to the sun will bleach most stains 

Graaa 

Waah and rub washable goods in cold water For clothing silk or wool 
sponge with 60 per cent alcohol A chlonne bleach will remove grass 

(milk 

Greaae spots with the exception of dark grease stains are removed by 
(a) Laundering waah goods (6) Usmg grease aolventa (naphtha Car 
bona ether bmizol} on gooda over a blotter or towel and working from 
the outside of the spot toward the center (e) Using dry abeoibents 
(starch French chalk, talcum powder) work in absorbent and when 
gunusy, hruah off and repeat again. 
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stain 

Methodi of Removing Some Common Staint 

Ink 

(ordinary) 

When fresh most mlm are soluble m running cold water in sweet milk 
(colored goods) in street or aour mdlr (white goods) in lemon juice salt 
mixture expose to tl e sun Fresh or old mk stains may be removed by 
the chloiine bleach or permanganate method 

Iodine 

Soap water ammoma solution and nnaing in hot water removes iodine 
Alcohol removes iodine from tbe skm. 

Meat juice 

Same methods ae for blood 

Mereuro- 

chrome 

Washed out by regular laundry methods Alcoho containing a drop of 
HNOi or ‘hypo will remove Mercurochrome from tbe skin 

Mildew 

Z<ausder and dry in the aun or try the mflV and lemon juice salt methods 
as in the case of inks 

Paint 
(▼anualt 
tar and 
ebeUae) 

Sponge fresh spots with paint solvente (turpentine naphtha benzol) 
Almost dry spots on washable goods may he softened with lard or but 

1 ter and then removed by washing and rubbing in a warm soap solution 
Shellac is soluble m 60 per cent alcohol 

Pjcnc 

And ' 

BoQ in dilute sodium bydrozide solution for SO mmutes and then follow 
with a chlorine bleach 

Huit 

Lemon juice salt mixture (see inks) warm oxalic acid solution chlorme 
bleach 

Salad 

For a salad dressing contaming eggs and cream sponge with warm water 
For a vinegar or lemon dreaamg wash m cold water then in aoap so- 
lution and finally nnse m any fat solvent (naphtha) if an oS spot re- 
mans 

Scorch 

Scorches on bnen or cotton may frequently be removed by rubbing with 
soap and water or moistening with water and ezposmg to the eun 
Scorched wool and eOk may seldom be removed Sand papenng or 
rubbing a scorch on woolen goods and then eponging with hydrogen 
peroxide often removes slight scorched spots 


Sodium thiosulfate (hypo) removes silver staina if not too old Also 
some silver stains may be removed horn the skin by first treahng with 
lodme and then with dlufe ammonia wafer 

Tea 

For wash goods boil m atroog aoap solution Sponge wool and eDk 
Sometimes a stain may be removed by maateaiag with water working 
borax mto tbe stain allowing to stand a few minutes and then linsmg 
m bofling water 

VanuBb 

Sponge with acetone 

Vaseline 

Hot water eels Vaseline spota. Turpentine is a solvent for Vaseline Re 
move turpentine with a grease solvent 
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exercise 13-chapter VII 
ACIDS 

Section Date Name . . 

Mi>>TEKiAi£ Socftum carbonate, codtum eUoride, copper ostde, and mag' 
nesium ribbon 


(o) Composition; The formulas of hydrodiloric, nitric, and sul- 
furic acids are , , 

How are acids similar in composition? 

(6) Action on Litmus: In three test tubes, each containing 
about 10 ml of water, prepare dilute solutions of each of the fol- 
lowing acids by adding two drops of hydrochloric, nitric, and siJ- 
furic acids to the water in each test tube. Drop into each tube a 

small piece of blue* litmus paper. Results? 

Now drop a piece of red 
litmus paper into each solution. Results? 


(c) Taste: Taste a drop of the dilute acid solutions which con- 
tain the litmus paper. Result? 

(d) Action on a Salt; Put a pindi of common salt into a test 
tube and add just enough concentrated sulfuric add to cover the 
salt Warm if necessary to evolve the gas. Equation; 

Na+C|- + 2H^S04--> -+ - T 

Sodwta hyJragM H/dregen 

Very cautiously smell by fanning the gas toward you with your 
hand. Result? 

Insert the moistened end of a glass rod into the hydrogen chlo- 

* To obtain blue litmus paper from red litmus paper, bold the paper io tbs mouth of 
the eminomum hydroxide bottle Blue litmus paper wiU change to red ia the mouth of 
the hydrochloric acid bottle 
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ride gas. Remove and touch tiie end of the glass rod to a piece of 

blue litmus paper. Result? 

This solution is hydrochloric add. 

(c) Action ON A Metal: Pour a few milliliters of dilute '•‘hydro- 
chloric add on about 1 cm. strip of magnesitun ribbon contained in a 
test tube. Loosely dose the mouth of the test tube with your thvunb 
to collect and prevent the escape of the gas formed. In about a 
minute, remove your thmnb and quickly bring the mouth of the 

test tube to a dame. Result? 

This gas is hydrogen. What replaced the hydrogen in the add? 


Mg-h - t 

Mogndiium <Mortrf» Hydrogen 

( f ) Action on Oxides op Metals: Barely cover the bottom of 
a test tube with copper oride Add 3 ml of concentrated HCl. 
Carefully heat to boding, and then fill the test tube with water. 

What evidence is there that a chemical action took place? 

Complete the following equation: 

cuo+- + 

(g) Action on Hydroxides See Exercise 15. 

(A) Action on Carbonates: TVy the action of a few drops of 
any add such as dilute hydrochloric add upon a pinch of any car- 
bonate, as sodium carbonate. Result? 

2N0+CO3-+ - + _ -f 

diterid* 

(0 Summarize the characteristic properties of water solutions of 
acids, keeping in mind the typical acid, hydrochloric acid. 


* DSute aod solutions for laboratory um may be made by adding one part of acid to 
approximately four parta of water. ’ v 
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EXERCISE 14~.CHAPTER VII 
TESTS FOR NONMETALLIC IONS 

(ILtCTRONtQATIVI IONS) 

Section Date Name 

Materials Sodium carhonaie, eotutions of tilver nitrate, iartum chloride, 
ferrous sulfate (saturated^, potassium bromide, potassium iodide, ammonium 
molybdate, ammonium oxalate, dtsodium hydrogen phosphate, calcium chloride, 
ond EocheSIe talta Chloroform, c)ilor»ne water (prepore thlorine water by pouring 
a few drops of hydrochloric acid on tieo or three crystals of potassium chlorate in 
a test tube Then when the test tube is filled with green chlorine gas, fill the test 
tube one fourth full of water, close with the thumb, and shake it ) 


The following tests are to stinnilate an interest in qualitative 
analysis, and to develop certain technics; 

(а) Chlobide: To 6 ml. of dilute hydrochloric acid in a test 
tube add aufScient silver nitrate solution to produce a heavy pre- 
cipitate. Shake the mixture to coagulate the particles of silver 
chloride. When most of the precipitate has settled pour off the 
liquid above it, nearly fill the test tube with water, shake, and 
allow the precipitate to settle. Pour off the liquid as before and 
divide the precipitate equally among three test tubes. 

1. To one portion add dilute nitric acid, and record whether the 
precipitate is soluble. 

2. To the second portion add dilute ammonium hydroxido; shake 
the tube and record whether soluble. 

3. The third portion when placed in a bright light, preferably 
sunlight for several minutes, turns 

(б) Sulfate: To 6 ml. of dilute sulfunc acid in a test tube add 
banum diloride solution. The solid which separates is barium 
sulfate. Test its solubility in dilute HCl Result? 


(c) Nitrate: Pour into a test tube 3 ml. of saturated solution of 
ferrous sulfate. Add to it an equal quantity of very dilute nitric 
acid (6 drops of concentrated add in 10 ml. of H 2 O). When the 
two solutions have been thoroughly mixed, incline the test tube 
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anrl carefully pour in 3 ml. of concentrated H 2 SO 4 in such a manner 
that the add forms a separate layer. The brown coloration be- 
tween the two layers of hquid constitutes the ring test for a nitrate. 

(d) Bromide; To a solution of potassium bromide add about 
1 ml of chloroform and then a few drops of chlorine water.* Place 
your thumb over the end of the test tube and shake vigorously. 
What is the color of the chloroform layer? 

(e) Iodide: Repeat the bromide test, using a solution of po- 
tassium iodide instead of potassium bromide. What is the color 
of the chloroform layer? 

( f ) Phosphate; Add several drops of a solution of ammonium 
molybdate and a like amount of concentrated nitric acid to a solu- 
tion of disodium hydrogen phosphate. Warm and allow to stand. 
What is the color of the precipitate? 

(g) Carbonate. Dissolve a pmdi of sodium carbonate in 10 ml. 
of water. Have a drop of limewater ready on the end of a glass 
tube, add a few drops of dQute hydrochloric acid, and immediately, 
while the action is going on, hold the end of the glass tube just 
above the solution for a short time. Examine the limewater care- 
fully in a bright light What do you oteerve? 

(A) Oxalate Add a few drops of calcium chloride solution to 
an ammonium oxalate solution What r^ult do you obtain? 


(0 Tartrate; To a solution of Rochelle salt, add several drops 
of silver mtrate solution. Result? 

Add dilute ammonium hydroxide a drop at a time, shaking after 
each addition, until the precipitate is neorty all dissolved. K the 
precipitate dissolves, a drop or two of silver mtrate solution will 
reproduce the precipitate. Warm the solution. What is produced 
on the sides of the test tube? 


Instruction: Clean test tube used in (i) with a few drops ofnitricacid. 

* If not provided on supply table refer lo matenala for method of preparing your 
chlorine water. 
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SUMMARY 


f/egative loM 

Beagent Added 

Result 

Chlonde 



Sulfate 



Nitrate | 



Bromide 

1 

i 


Iodide 



Phosphate 



Carbonate 



Oxalate 

1 


Tartrate 




If time permits, identify the add radical in an unknown com- 
pound. 
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EXERCISE 15— CHAPTER VIII 
BASES 

Section Date Name 

Materials Dilute solutions of copper sulfate, ferric chloride, and mag- 
nesium sulfate sodium, hme (calcium oxide), litmus paper, 1 per cent phenol- 
phthalein solution in alcohol 


(a) Properties Place separately in test tubes 5 ml portions ot 
very dilute sodium hydroxide solution, very dilute ammonium 
hydroxide, and calcium hydroxide solution Drop red litmus 

paper in each solution Result‘d 
Taste a drop of each solution. Result? 

Write the formulas of the bases , , 

In what respects are they similar in composition? 


Four 5 ml of sodium hydroxide solution m a test tube containing 
an equal quantity of a (Uute acid, as hydrochloric add. Feel the 

test tube, la there an evidence of diemical action? 

Na+OH- + H+CI--^ . _ 

(6) Action OP Active Metals ON Water: Remove the oil from 
a piece of sodium about as large as a grain of rice by pressing be> 
tween filter papers Throw it into an evaporating dish half full of 
water. Watch the action through a piece of glass or by standing at 
some distance to avoid bemg hit by the spattering drops. Consider 
that sodium displaces only one-half the hydrogen in water and 
complete the equation. 

2Na + 2HOH-> _ + 

Sod um hydroxido 

When active metals like sodium react with water what gas is 
liberated? 

When the action is over describe the sensation of touch that a 
soluble hydroxide produces between your thumb and fingers 
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Touch a finger to the tongue. Neglecting the oOy taste, what is 
its taste? What is the efi’ect of the solution 

on pieces of red and blue Utmus paper? 

Add a few drops of phenolphthalein solution. What happens? 

The substance contained in the water is 
sodium hydroxide. It is a typical strong base or alkali 

Stunmarize the characteristic properties of bases as observed in 
(a) and (6). 


(c) Action of the Oxides op Some Metais on Water: Place 
a piece of fresh lime as big as a marble in a small beaker and pour 
upon it about 5 ml of water. What happens after it has stood about 

ten minutes? 

The substance so formed is calcium hydroxide. It is commonly 
called slaked lime, and is much used by masons and plasterers 
Wnte an equation, showing how calcium hydroxide is formed from 
calcium oxide and water. 

CaO + HOH^ ~ - 

C«ldv<n hydroxide 

(d) Insoluble Bases by Precipitation. Place 2 ml of copper 
sulfate, feme chloride, and magnesium sulfate solutions in separate 
test tubes and dilute each with water to 10 ml. Add a few drops of 
sodium hydroxide solution to each solution and note the predpi- 
tation of the insoluble bases, Cu(OH) 2 , Fe(OH) 3 , and Mg(OH)j. 
Write equations for their formation. 

CUSO 4 + — NaOH->Cu(OH}2 + 

FeCU +— - NaOH^Fe(OH)8 + _ - 

MgS 04 + - -NaOH->Mg(OH) 2 + - 

Insoluble bases have no taste and no effect on the fingers or on 
indicators that is appreciable TTiey react with acids, however, 
just as soluble bases do. 
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EXERCISE 16~CHAPTER VIII 
TESTS FOR METALLIC ELEMENTS 
(ELECTROPOSITIVE IONS) 

Section Date Name 

Materials Solutions of sodium chJonde, potassium chloride, calcium 
chloride, copper chloride, mercurous nitrate, mercuric nitrate, ferric chloride, 
magnesium sulfate, ammonium oxalate, stiver nitrate, potassium sulfocyanate, 
ammonium chloride, disodtum hydrogen phosphate, platinum wire, copper chips 
or wire, lancet 


The followmg tests are to stimulate an interest in qualitative 
analysis, and develop certain technics. 

1. Flame Tests: (These may be demonstrated.) 

(a) Clean the wire by repeatedly dipping the end in concentrated 
hydrochloric acid and heating in the flame until the end of the wire 
imparts no color to the flame. It may be necessary to repeat this 
operation several times 

(b) In making a test just touch the end of the wire to a drop of 
the salt solution, and heat in the edge (oxidizing part) of the flame. 

(c) Place a drop of each of the solutions of sodium, potassium, 
calcium, and copper salts on a glass plate 

(d) Make the flame test with the sodium salt. Clean the wire as 
before and test salts of potasnum, calcium, and copper. Record 
results 


Solution 

Formula 

Color of Flame 

1 Sodium chloride | 



2 Potassium chlonde | 



3 Calcium chloride 


1 

4 Cupric chlonde 1 




2. Color and Precipitation Tters: Use approximately 2 ml 
of the solutions of the following metallic salts, e. g., take 2 ml. of a 
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solution of a mercurous compound to make the test for mer> 
ciuroua mercury. 

(а) Mercurous Salts. Upon addition of dilute hydrochloric add 

Hg+NOa- + H+Ct- HgCI I + H+NOa" 

Mwcwrowf chlorld* 

a predpitate forms which turns 

upon addition of sufficient ammonium hydroxide. Calomel is mer- 
curous chloride. Will hydrochloric add produce a predpitate with 

a mercuric salt solution? Mercuric chloride w 

commonly called bichloride of mercury or corrosive sublimate. 

Bichloride of mercury as compared to calomel is 
in water. 

(б) Mercuric Salts: Drop a dean chip or a piece of copper into 
either the mercurous or mercuric salt solution. It will become 
silvered in a short time. 

Cu + Hgn2NOs--f + _ 

Cvpn« (dtrota 

(c) Iron Salts: A few drops of potassium sulfocyanate solution 
added to 5 ml. of any ferric salt solution produces a 
color. If a ferrous salt is used it must be oxidized by boilmg with a 
few cubic centimeters of nitric add before making the test Boil 
gently 2 ml. of nitric add containmg one drop of blood until a bght 
yellow color is produced. Cool and dilute with an equal volume of 
water. Make the test for iron Do you find iron m the blood? 


(d) Copper Salts. Ammonium hydroxide added to a cupric salt 
solution forms a light blue preapitate which dissolves in an excess 
of the reagent to produce a colored solution The flame test for 

copper is 

(c) Magnesium Salts: Add a dear mixture of 1 ml each of am- 
monium chloride, ammonium hydroxide, and disodium hydrogen 
phosphate solutions to 5 ml. of a magnesium salt solution. Allow 
to stand for several minutes What is the color of the predpitate 
that forms on the inside of the test tube? 
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If calciimi as well as magnesium is present in lume, the calcium 
must first be removed by the method in (f). 

(f) Calcium Salts: Ammonium oxalate solution added to a cal- 

cixun salt solution produces a precipitate. By 

the flame test, the color of calcium compounds is 

(g) Silver Salts: Dilute hydrodjoric acid added to a silver salt 

solution produces a Precipitate, which (upon 

vigorous shaking) in ammom'um hydroxide 

If time permits, identify and record the metal found in an unknown 
compound 
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EXERCISE 17 — CHAPTER VIII 

HYDROGEN ION-HYDROXYL ION CONCENTRATION 

Section Date Name 

Materials Alkaeid or Nitraztne test papers solutions of material available 
as listed under A (c) N/10 HCl urine buffer mixture [Sorensen s pH 6 98 
made by mixing 60 ml M/ISNusHPO* anhydrous 9 473 Gm per liter with 
40 ml M/JS KHsPOi 9 078Gm per liter) 


Instruction 

The principle of making hydrogen ton concentration (pH) measure 
ments in terms of their pH notations is based on the fact that various 
chemical substances, known as “indicators " change color when they 
are acted on by solutions of different acidities or alkalinxties Test 
papers carrying a mixture of several indicators that are more sensitive 
than litmus are simple and inexpensive methods of making approxi 
mate pH determinations Alkaad test paper made by Fisher Scientific 
Company maftes pH measurement of tiquuis uitftin c rcn^e of pH 2 0 
to pH 10 0 with an accuracy of i^lpH, while Nitrazine test paper, 
madebyE R Squibb and Sons, has a range of colors for pH 4 5 to 7 5 
by half units The Nitrazine is more accurate for acid determinations, 
but the Alkacid has a wider range The use of both papers requires the 
same method of procedure 

A TEST PAPER METHOD (APPROXIMATE* pH) 

(a) Method of Procedure Dip a clean glass rod into the 
solution to be measured and transfer a drop to the surface of the 
paper, spreading it evenly by strokmg At the end of a minute 
compare the color produced with the standard color chart showmg 
the vanous pH values (found on the container of the test papers) 
(5) Alternate Method of Procedure Dip paper mto the 
solution three consecutive times and then shake off the excess 
hquid At the end of a minute compare color of paper with colors 
on chart 

*Tbe aeeuiacy of colomnetnc metliods la affected by aalte proteins colloids tern 
perature oxidation reaction aligbtly buffered solutions — any one of w^ch produces 
specific errora of 0 5 pH unite or more For snat accuracy etectroioetnc maUioda are 
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(c) Determinations and Tabulation: Determine and record 
in the table the pH values of the solutions and physiological ma- 
terial available. 


Material to be Tested 

Approximate Vatuea 

pH Values Found 

Human blood plasma 

7 3-7 5 


Adult gastric contents 

09-1 6 


Saliva. 

60-76 


Urine (human) 

4 8-80 


Milk, cow’s 

6 2-7 3 


Milk of magnesia 

105 



B. BUFFER ACTION 

A number of substances exert what is known as buffer action. 
This means that considerable amounts of acid or alkali can be 
added to solutions of these substances, or that the solutions can 
be diluted, with only a relatively small change in the pH values. 

(а) EFPECfT OF A Buffer on pH Measurements; To 10 ml. of 
dist^ed water which has a pH of about 6 0, add one drop of 

N/10 HCl. What is the approximate change in pH value? 

Now to 10 ml. of buffer mixture pH 7.0, add one drop N/10 HCl. 
What, if any, is the change in pH value? 

Add N/10 HCl drop by drop xmtil a definite change in pH value is 
obtained. 

Add a drop of N/10 HCl to a specimen of urine. Is the change 
in pH value greater than the change with the buffer mixture? 

Is the change as great as the change in water alone? 

(б) Effect of Dilution on pH Values: Dilute a buffer mix- 
ture and a specimen of urine with the same amount of water. Make 
pH determinations of each solution 

What is the degree of dilution necessary to cause a change in 
pH value? 



686 


Laboratory Chemistry 


EXERCISE 18— CHAPTER IX 
NEUTRALIZATION: HYDROLYSIS 

Section Date Name 

MATERiAia Sodium hydngen carbonate, phenolphthalein indicator, sodium 
carbonate, ammonium chloride. Hue litmus paper 


A. NEUTRAtIZATION 

(a) The nnxmg of a base and an acid solution m the exact quan- 
tities for complete reaction with each other is called neutralization 
and the products formed are salt and water. How could you de- 
termine by means of htmus paper whether a solution was exactly 

neutral? 


(i) Dilute about 2 ml. of sodium hydroxide solution with an equal 
volume of water. To this solution in an evaporating dish add a 
few drops of dilute hydrodiloric acid and one small piece of litmus 
paper. Stir the resulting solution with a glass rod and continue to 
add the acid drop by drop until the resulting solution is neutral, 
i. e., a drop of add or base will cause the piece of litmus paper to 
change color, or is at most very slightly acid. Considering that the 
characteristic properties of an add are due to the hydrogen ions, 
H+, and those of a base due to the hydroxyl ions, OH~, then if the 
solution is neutral, that is, neither add nor basic, what new undis- 
sociated molecule is always formed in neutrahzation'^ 

Remove the htmus paper and drop it into the waste jar, not in the 
sink. 

Evaporate the solution to dryness Taste the residue. Result? 
What is it? 

What is the name given to any compound formed by the inter- 
action of any acid and any base? 

Complete the following ionic equation, showing that an ionized 
salt and undissociated water are formed in neutralization 

Nti+OH--t-H+CI--> + 

SpIi 


WaUr 
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B. HYDROLYSIS OF SALTS 

(o) A salt formed from a strong base and a weak acid. Dissolve 
about 1 gram (curved portion of test tube) of sodium hydrogen 
carbonate (baking soda) in half a test tube of water. 

NaHCOa + HOH NoOH + H2CO3 

Strong Weak 

bott odd 

Add to this solution one drop of phenolphthalein indicator. Is the 

solution acid or alkaline? In hydrolysis both 

a base and an acid are formed, one of which may be stronger than 

the other. Why is tbia solution alkaline? 


How do you account for the bitter taste sometimes present in 
baked biscuits and cakes'^ 

Set aside the pink solution for comparison with (t). 

(6) Heat approziiuately the same weight (1 Gm ) of dry sodium 
hydrogen carbonate in an evaporating dish with an occasional 
stirring for ten minutes. 

2 NoHCOa (heated) 

Soe inn 
carbonola 

Cool and dissolve this residue in half a test tube of water. 

NajCOs + 2 HOH ^ ~ + H2CO3 

Serf I'm 
hyrfroKlrfB 

Add one drop of the mdicator and compare the depth of color 
with that obtained with (a). 

Which compound, the NaHCOs or the heated NaHCOa, that is 
the Na 2 C 03 , hydrolyzes the more^ 

Dissolve in one-half test tube of water approximately the same 
weight (1 Gm ) of sodium carbonate (washing soda) obtained from 
the supply table, and compare the taste of this solution with the 
taste of the solution of salt just prepared from the heated sodium 

hydrogen carbonate. Result? 
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State the household name of the compound formed by heatmg 
bakmg soda 

(c) A salt formed from a weak base and a strong acid Dissolve a 
few crystals of ammomum chloride in half a test tube of water 
Insert a piece of blue htmus paper. Remove the htmus paper 
The color of the htmus paper mdicates that thia salt, ammomum 

chloride, forms an solution 

NH4CI + H0HJ=iNH4OH+ „ 

The results &om (a), and (6), and (c) indicate that some salts in 
solution give acid or alkabne reactions TTiis is a special type of 
reaction mvolvmg water, called hydrcXysis, and is the result of a 
reaction between the salt and water with the formation of an acid 
and a base, one of which is more dissociated than the other When 
equations of hydrolysis are read m reverse they become examples of 


(d) Complete the following hydrolysis equations 


CaCI: +- 

_ H0H5± _ 

- - + 

{NH4)2SOi + 

_ HOHs± 

- + 

AljSa +- 

6HOH?a 

+ 

NaaPOi +- 

„ HOHs± 

- + 


Considering that natural water contains some calaum chloride 
what effect will such waters have in iron pipes or boilers’ 
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EXERCISE 19— CHAPTER IX 
METHODS OF PREPARING SALTS 

Section Date Name 

Materials Sodium hydngen carboiuUe, quinine, solutions of lead acetate 
sodium sulfate, magnesium sulfate, quinine sulfate (1 500), tea coffee, tannic 
acid, picric acid, iodine (tn KI), potassium permanganate, phenolphthalein 
Optional Bolutiona will be found on p 692 


A. SOME METHODS OF PREPARING SALTS 

(a) Direct Combination Recal] the second experiment of 
iron and aulfur in Exercise 2 Write the equation 

+ „ -+ 

ftrrovi ivlffda 

(b) Neutralization. Recall the experiment just performed in 
this chapter on neutralization Write the equation 

-- + — — + 

(c) Precipitation • To a test tube containing a few miUiliters 
of lead acetate solution, add sufficient sodium sulfate solution to 
produce a precipitate Considenng that all sodium salts are soluble, 

name the preapitate formed 


Pb++ 2C2H302- + 2Nat SO 4 — ^ ^ ^ 4, + 2 Na+C2Ha02- 

Sod um 

Could Epsom salts (Mg+^SQ*”) be used instead of sodium sulfate 
(Glauber's salt) to precipitate the lead ion’ 

In the preparation of an insoluble salt &om the action of two 
soluble salts, how can the soluble salt formed be recovered’ 


* This espenment la to arouse an interest m constructive v?ork. familianze the student 
with tbs solubility table and to show tbs practical value of knomng how to form in 
soluble compounds For instance same poisonous compounds may be rendered harm 
less by changing them over mto maidaUs compounds 
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Consult the solubility table, p. 778, and select soluble salts for 
the formation of the following insoluble salts 

+ AgCI + - 

Sliver chloride 

+ HgS + - 

Mercuric ivlftde 

- - - _ + -¥ HgCI + . _ 

Mercurouf chloride 

+ _ Ca2(P04)2 + — 

Coklinn phstphole 

(d) Volatility: Cover the bottom of a test tube with baking 
soda and add dilute hydrochloric add drop by drop until you can 
see that no more gas is being evolved. Evaporate and taste the 
residue. What is it? 

NaHCOa + HCI NaCI + + 

(e) General Metthods of Preparing Soluble Salts: Write 
equations for the action of an add upon a metal, a metallic oxide, 
a hydroxide, and a carbonate. 

Metal _+ _ 

Oxide + -4 

Hydroxide- + - ^ 

Carbonate + + 



&. AIKAIOIDS 

(a) Solubility: To a very small amount, the size of a pinhead, 
of quinine alkaloid (not the salt) in a test tube add a few millili ters 

of water. Agitate it. Is it soluble’ Now add a drop 

of sulfuric add. Warm and agitate it Result? 

Alkaloids combine with adds to form salts Considenng this, 
which are water soluble, the pure alkaloids or the alkaloid salts? 


(6) Taste: Taste a few drops of the quinine sulfate. Result? 
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(c) Reaction: Into a test tube containing about 5 ml of dis- 
tilled water, add a small amount (size of grain of rice) of quinine 
alkaloid (not the salt). Shake the tube thoroughly and test with a 
drop of phenolphthalein solution Look down through the hquid 

in the test tube. Any color change? What does 

this indicate concerning the nature of an alkaloid? 


(tf) Summarize the common characteristic properties of alka- 
loids, using quinine as an example 


(e) Prgcipitants' Into test tubes, each containing about 5 ml 
of q uinin e sulfste solutton, add separately one or more drops of 
tea, coffee, tannic acid, picnc add, iodme, and potassium per- 
manganate solutions Record r^ults in the foUowmg table 


Solutions of 

1 

Action on Alkaloid 

Tea 


Coffee 


Tanmc acid 


PicTJC aad 


Iodine 


Potassium permanganate* 



*Potassium permanganate (KMa04) oxidizea tbe alkaloid to a harmless compound 


Why can tea be used as an antidote in alkaloid poisonmg’ 





692 


Laboralory Chemistry 


If so directed by the Instructor t^t and record the action of the 
foUowing “alkaloidal reagents” on 5 ml. portions of quinine sulfate 
solution. 


SoIutlOTlS of 

Action on Alkaloid 

Potassium mercuric iodide 
(Mayer's reagent) 


Phoaphomo^ybdic acid 


Phosphotungatic acid 
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EXERCISE 20~CHAPTER X 
AMMONIA 

Section Date Name 

Materiais’ Amnumium sulfate, slaked hme, ammonium chloride 


(а) Place a piach of ammonium axtlfate in the band and smell. 
Smell a pinch of dry, slaked lime, Ca(0H)2. Rub the two together 

in the palm of the hand. Smell. Result? 

Bring a moistened strip of red Utmtis paper near the mixture 
Result? 

Indicates what? 

(б) Repeat (a), using ammonium chloride and slaked lime, 
Ca(OH)a. Results? 

(c) Heat gently in a test tube a small amount of ammonium 
chloride with any strong hydroxide solution, as sodium hydroxide. 

Smell. Result? 

NH4CI + NaOH NaO ^ _ 

+ H2O 

Ammonia 

How may you prove that any substance given you is or is not 
an ammonium salt? 

(d) What kind of a substance have you used each time to firee 
ammonia from ammonium compoxmds? 

What general method of preparing ammonia is indicated by these 
experiments? 


(e) What is the odor of ammom'a? 
Is it heavier or lighter than air? 




694 


Laboratory Cbernisfry 


(/) To a test tube one third full of water add one drop of dilute 
ammonium hydroxide (1 5) Heat to boiling and smell Result? 


Continue the boiling for several mmutes (five) Smell What 
must have happened to the compound dissolved in the water‘d 


How does heat affect its solubility m water’ 

What do you conclude about the stabihty of amm onium hydroxide? 


(g) Tabulate the differences between ammoma and ammomum 



Ammonia 

Ammonium 

Farmula 



Free or combued 



Gas or radical 



Exists in water as 




If time permits, obtain an unknown substance firom the In 
structor and test it to determine if it is an ammomum salt 
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EXERCISE 21-CHAPTER X 
CHLORINE 

Section Date Name 

Material.' Pota«stum chlorate 

To a few crystals of potassium dilorate In a dry test tube add 
several droi» of concentrated hydrochloric add. 

(o) The color of the gas (chlorine) formed is 
(6) Cautiously smell Result^ 

(c) Hold a piece of dry red htmus paper and a piece of moist red 
btmus paper in the mouth of the test tube for a few seconds only. 

What happened to the moist ted htmus paper? 


H 2 O + 02 H+Cl- + - 

hypothloreui | o<td 

HCI+ - 

Hold a piece of moist blue htmus paper in the mouth of the test 
tube of chlorine gas 

The first color change in the blue htmus is due to the presence 
of what ions^ 

The second change in color is due to 

(d) Half fill the test tube with watw, close the mouth with your 
thumb, and diake. Make an ink spot on a piece of paper and im- 
merse in the b'quid Allow to stand. Result? 

What practical application can be made of this kind of a solution? 





696 


Laborafory Cbemhfry 


EXERCISE 22>-CHAPTER X 
IODINE 

Section Date Name 

MatesiaIS Potassium loduie, manganese dioxide, dilute sulfuric acid {two 
to one), ethyl alcohol, 1 per cent cached starch solution, dilute (S per cent) sodium 
thiosulfate solution 


(a) Prepahatton; Into a dry teat tube add 1 Gm. (curved por- 
tion of the bottom of a teat tube) of powdered potassium iodide 
and an equal bulk of manganese dioxide. Mix carefully so that 
none will adhere to the side of the test tube Now add 3 ml. of 
dilute sulfuric acid (two parts of add to one part of water). Hold- 
ing the teat tube at an angle, warm the lotver end of the tube very 
gently. The upper end of the test tube must be kept as cool as 
possible if iodine crystals are to be formed by condensation. Note 
the vapor of the iodine and the grayish black crystals which de- 
posit near the mouth of the tube If the iodine starts to vaporize 
and escape from the test tube, hold an inverted test tube against 
the mouth of the heated test tube in order to condense and collect 
crystals of iodine. 

(i) Properties: Using a wood splmt or a glass rod, scrape out 
some of the crystals in the inside of the tube. Using about the 
same number of crystals in each case, test the solubihty of iodme 
in the same amount (2 ml ) of wat^, alcohol, and a solution of 
potassium iodide in water. Reserve these solutions. 



Fig 20 
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What name is given in pharmacy to the alcoholic solution of 
iodine just prepared? 

How could you remove an excess of iodine from the skin? 


SoieenC (2 tnl) 

^ Co!ar of Salatcan 

Degrtt of Solubility 
(eh^tlsr, moderately, 
or very) 

Water 



Alcohol 



Potaasium iodide solutioa 




(c) Removal of Iodine Stain: Divide the alcohohc iodine bo- 
JutioD into two parts. To one add a few drops of ammonium hy> 

dioxide and to the other sodium thiosulfate solution. Result? 


In both cases the iodme is changed mto a colorless iodine solution. 
Either of the two procedures may be used m removing iodine stains 
from clothes. 

(d) Starch Testt for Free Iodine* Add a drop of iodine in 
potassium iodide solution to a few ml. of dilute starch solution. 

What color is produced? 


What difficulty might be met with m attempting to remove iodine 
from starched cloth by the use of ammomum hydroxide or sodium 


thiosulfate solution? 
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EXERCISE 23~€HAPTER X 
PROPERTIES OF CARBON 

Section Date Name 

MATEniAU Litmus solution, powdered copper oxide, limewater, powdered 
wood and animal charcoal 


(а) Decolorizer* Dilute some blue litmus solution in a test 
tube with enough water to give it a hght color. To one-half of 
this solution m another teat tube, add about 3 ml of animal char- 
coal, shake, warm 'carefully two minutes and filter. Compare the 
color With that of the original solution. What happened to the 

htmus? 

The coloring matters in vmegar, raw sugar, indigo, etc , belong 
to the same class of matter as htmus (colloidal substances), and 
these are removed by aiumal diarcoal. 

(б) Deodorizer: Half fill a test tube with water and add enough 
ammonium hydroxide (two or three drops) to give a marked odor 
of ammonia. Next fill approximately half of the remaining space 
in the test tube with dry animal charcoal. Close the mouth of the 
tube with your thumb and shake thoroughly for two minutes 

Smell. Is the odor as strong as the original solution? 


(c) Reducing Agent Mix thoroughly 2 Gm. of powdered cop- 
per oxide with an equal amoimt of wood charcoal in a test tube. 
Fit the test tube with a delivery tulw extendmg into a test tube 



Fig 21 
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half filled with lunewater. Heat for ten minutes What has hap- 
pened to the limewater? 

Explain 

Empty the contents of the test tube on a paper upon the desk 
What is the reddish brown matenal? 

C + 2 CuO . _ + _ . 

To what process has the copper oxide been subjected? 

What happened to some of the charcoal? 

The above equation shows that carbon is a agent. 

What kind of an agent is copper oxide? 

Whenever there is reduction there simultaneously has to be 


State three properties of carbon 
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EXERCISE 24-CHAPTER X 

CHANGES IN AIR CAUSED BY RESPIRATION 

Section Date Name 

Materials Deflagrating spoon, birthday candles, string or rubber band 


Fill three bottles with water and invert them over water in 
trough. 

(а) Using a glass tube, a rubber tube, or both, displace the water 
in one bottie with beginning expired air. Slip a glass plate under 
the mouth of the bottle, and stand it in an upright position on the 
table 

(б) Displace the water m the second bottle with air from the end 
of expirations, that is the last portions of air expelled from the 
lungs Cover with a glass plate and stand right side up on the table. 

(c) Take a big breath of ^ and hold it in the lungs for half a 
minute, if possible, and then displace the water in the third bottle 
with the beginning expired air 

(d) Fasten a candle to a dedagrating spoon with a rubber band 
or string Light the candle, sbp aside the cover glass on the first 
bottle, and lower the bummg candle. In a similar way, test the air 
in the other two bottles From the behavior of the candle fiame in 
the first and second bottles, what conclusion may be drawn con- 
cerning the amount of oxygen in the last portions of ordinary 
expired air? 

Why is this so? 

How do the first portions of expired air held m the lungs for half a 
minute compare m oxygen content with the end portions of ordinary 
expired air? 

What is the effect of deep respiration upon the percentage of 
oxygen ra tire expihai sir? 

What is the effect of deep respiration upon the percentage of 
carbon dioxide in the expired anr? 

(e) What is the function of carbon dioxide m the oxygen-carbon 
dioxide mixture used in suffocation, collapse, or recovery from 
anesthesia? 
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EXERCISE 25-CHAPTER XII 
DESTRUCTIVE DISTILLATION 


Section Date Name 

Matebials Lead acetate solution, taood splints, soft coal, five-inch test tube 
mth side arm and connection e (Fig 22) 


A. DESTRUCTIVE DISTILLATION OF WOOD 

1. Break six or seven wood splints in the middle and place in the 
lower part of the test tube Set up apparatus accordmg to accom- 
panymg figure, with mouth of t^t tube shghtly lower than the 

other end. Why? 

Heat gently at first and then strongly until no further change is 
noted. During the heating, occasionally bring a fiame to the edge 

of the jet tube. Result? 

Is the fiame luminous? 


Wood Splints 


Rg 22 



2. Test the hquid in the test tube (&) with blue litmus paper. 
Rrault’ 


What name is given to the aubstance that causes this change? 


3 What other liquids are present in the test tube (&)’ 
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4 Remove, examine, and name the residue left in the glass test 
tube (a) 

5 What three mam commercial products are obtamed by the 
destructive distillation of wood? 

6 State an important use of eadi product formed 


B DESTRUCTIVE DISTILLATION OP SOFT COAL 

1 Fill a glass test tube (same one used in A), one half full of 
coarsely ground soft coal, forming a layer on the lower side of the 
test tube This allows space above the coal for expansion Place a 
piece of filter paper moistened with lead acetate solution on the 
inside of the test tube (6), Fig 23, the end projecting from the 
mouth of the tube so that it will be held m position by the stopper 
when inserted Heat gently at first and then strongly until no 
further change is noted 

2 Test the gas at the end of the jet with a fame Result^ 


Does it act similar to lUuminatmg gas*^ 

3 What compound is formed on the filter paper, considering that 
hydrogen sulfide is in the gas? 


PbCCaHsO}); + HsS > 



+ 2H C 2 H 3 O 2 


Fig 23 
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4. What liquid collects in the t^t tube (6)? 

Remove the stopper from the tube (6), add about as much sodium 
hydroxide solution as there is hquid in the tube, warm gently and at 
the same time hold a piece of moistened red litmus paper at the 
mouth of the tube Considering that the coal contains nitrogen, 
what volatile gas formed would turn moist red htmus paper to a 

blue color? 


5 What is the residue left m test tube (a)? 

6. What main products are obtained hy the destructive distilla- 
tion of soft coal‘d 


Are the substances identified of importance commercially? 
State an important use of eaidi product formed 
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EXERCISE 26-CHAPTER XII 

COMPOSITION OF MOST ORGANIC COMPOUNDS 

Section Date Name 

Material D/^ egg albumm, casetn, powdered copper oxide, soda lime, 
sodium, solution of lead acetate, ammonium molybdate solution, granular copper 
oxide, sodium chloride 

For optional mHhods Fioe-tnch small bore glass tubing, poujdered copper 
oxide, sugar, soda lime (CaO + NaOH), ferrous sulfate solution containing a 
trace of feme chloride, sodium nitroprusstde solution IfresKj, platinum wire 


Instruction: 

Carhon, hydrogen, and oxygen with occasional smaller amounts of 
nitrogen, halogens, sulfur, and phosphorus are the chief elements found 
in organic compounds. 

(a) Carbon and Hydrogen Organic compounds are frequently 
flammable, and when heated take fire or char. Carbon and hydrogen 
are detected by oxidation 

1. Heat a very small amount of dry egg albumin (or casern) in 
a teat tube held in an mcbned position. What does the change in 
color of the organic compound indicate? 

What collects in the upper and cooler portion of the test tube? 

Continue the beating imtil there is no further 
change. The charring indicates the presence of , 

while the formation of water indicates the presence of 

Complete oxidation of organic compounds releases energy and 
forms what two main products? 

2. Optional: A more delicate test for carbon is to heat the sub- 
stance with some easily reducible metallic oxide, the oxygen of 
which unites with the carbon to lorm carbon dioxide Tlie presence 
of the carbon dioxide may be shown by passing the gas through 
Iimewater. Hydrogen is at the same time oxidized into water, 
which condenses on the cold part of the apparatus. 

Take a piece of a small bore soft glass tube about five inches long 
and fuse it together at one end Mir in a mortar a pinch of fine 
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copper oxide with about one-tenth of its bulk of powdered sugar. 
Pour the mixture into the tube and bend it so as to form a right 
angle. Let the open end dip into limewater contained in a test 
tube (Fig. 24). Heat the mixture gently with a small flame. The 


Rg 24 

gas which bubbles through the bmewater turns the limewater 
, thereby indicating that carbon was oxidized 
to , which reacted with the limewater to 

form . Moisture soon appears on the sides 

of the tube. Considering that the oxygen came from the copper 
oxide, the formation of water indicates the presence of 
in the compound. 

CflHijOfl + CuO -4 COa ^ _ H 2 O -f- __-Cu20 

Ca(OH)2 + CO 2-4 — . + H 2 O 

(wMrv ppi-) 



Gases or volatile substances hke ether and alcohol cannot, of 
course, be exanuned in this way, but the gases or liquids may be 
burned in a closed vessel, or the vapor led over a layer of red-hot 
copper oxide and then through limewater. 

(6) Nitrogen: Organic compounds containing nitrogen evolve 
ammonia upon being heated with soda lime. 

1. Mix thoroughly a small amount of dry egg albumm (or casern) 
with an equal bulk of soda lime Place in a dry test tube and heat, 
at the same time holding a piece of moistened red htmus paper at 
the mouth of the tube. The formation of a blue color shows that 
the gas evolved, which forms a base with the moisture, must be 
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2. Optional: When nitrogenous organic compounds are heated 
with metallic sodium, sodium cyanide is formed, and the subse- 
quent test is the same as for a cyanide. 

Pour about 10 ml. of water in a beaker. Place a fragment of 
gelatin or cheese in a small, dry test tube along with a piece of 
metallic sodium the size of a grain of rice. Hold the test tube hori- 
zontal and heat the lower end at first gently, imtil the reaction 
subsides, and then strongly, until the glass is nearly red-hot. At 
this stage the carbon will have been mostly burned out of the 
nitrogenous substance, leaving a white to gra3rish ash in the test 
tube. 

At anna’ length (warning) place the hot end of the tube in the 
beaker contaimng 10 ml. of water. The glass cnunbles away, and 
any residual sodium is decomposed with a bright flash; all the 
cyanide rapidly goes into solution, while a small quantity of carbon 
remains suspended in the liquid. Filter into a test tube. Pour 
into the clear solution about 1 ml. of ferrous sulfate solution to 
which a drop of ferric chloride has been added, boil for a minute, 
cool, and aadify carefully with a few drops of dilute hydrochloric 

acid. A colored precipitate indicates the presence 

of nitrogen. 

(c) SuxFUR: Loosely combined eulhir after being boiled with 
sodium hydroxide forms sodium sulfide, which gives a black pre- 
cipitate with lead acetate solution. 

1. To 2 ml. of dilute sodium hydroxide in a test tube add a very 
small amount of egg albumin (or casein), and heat for a minute or 
more, cool the test tube in running water, and then add a few drops 

of lead acetate solution. The formation of insoluble 

lead sulfide indicates the presence of sulfur. Repeat the experiment 
with hair, 

2. Optional: Su//«r (loosely combmed): The presence of sulfur 
in organic compounds may be detected by heating the substance 
with metallic sodium The alkaline sulfide, when dissolved in water, 
gives a violet coloration with a solution of sodium nitropnisside. 

Heat a fragment of egg albumin with a piece of sodium in a dry 
test tube until the bottom of the tube is red-hot, and place it in 
about 10 ml. of water in a beaker of water. Filter the liquid and add 
a few drops of sodium nitropnisside solution. What is the color? 
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(cf) Phosphorus: Upon oxidation, phosphorus changes to a 
phosphate, which with ammonium molybdate produces a yellow 
precipitate. 

To a small amount of casein in a test tube add approximately 
1 ml. each of concentrated nitric and sulfuric acids. Boil carefully 
until the solution becomes clear. Cool thoroughly, and then add 
slowly about as much cold water as you have liquid in the tube. 
Add a small amount of ammonium molybdate solution and warm 

carefully. A precipitate indicates the pres- 

ence of phosphorus. If a colored precipitate does not form, try the 
technic tor a phosphate on page 677. 

(e) Halogens; Many halogen compounds impart a green fringe 
to the outer mantle of the nonluminous flame. A more deh’cate test 
is to heat the substance with copper oxide, which gives a vivid 
green coloration. 

Heat a firagment of granular copper oxide, held in the loop of a 
platinum wire, in the outer mantle of the nonluminous flame until 
it ceases to color the flame green. Let it cool down a little and then 
dust on some halogen compound. Now heat again. A bright flame, 
accompanied by a blue zone immediately around the oxide, indi- 
cates ^e presence of a halogen, 

(f) Oxygen: There are no satisfactory direct tests for oxygen, 
and it is almost invariably calculated by difference. 
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EXERCISE 27-CHAPTER XII 

SATURATED AND UNSATURATED OPEN-CHAIN 
HYDROCARBONS 

Section Date Name 

Materials* Fused sodium acetate, soda lime (sodium calcium hydrate), very 
dilute bromine water, 95 per cent etl^l alcohol, calcium carbide, sidearm lest 
tube, medicine dropper, corks, small cylinder of ethylene (tf available). 


Instruction: 

The aliphatic or open-chain hydrocarbons are (1) saturated com- 
pounds, that IS, they contain not more than two shared electrons between 
their carbon atoms, or (2) unsaturaled compounds with four or six 
electrons shared between their carbon atoms. In performing the fol- 
lowing experiments on the safuroterf hydrocarbons {represented by 
methane) and the unsaturated hydrocarbons (represented by ethylene 
and acetylene) look for differences between them in the degree of explo- 
siveness when mixed with atr, in the cdor of their flames, and in the 
type of reaction with bromine, i. e., whether they form substitution or 
addition products All hydrocarbons undergo oxidation. 

With the consent of the Instructor, two students may work to- 
gether on the following experiments. If time does not allow for 
completion of (a), (6), and (e), omit (6). 

(a) Methane Natural gas is approximately 90 per cent meth- 
ane, and if available use it as a source of methane, otherwise make 
the methane as directed Using a dry test tube, set up apparatus 
as in Fig. 25. Have ready a stoppered test tube. Fill the generator 
one-half full with a mixture of one part fused sodium acetate and 
two parts soda lime Heat carefully, and after allowing some of the 
gas to escape, collect one half a test tube of methane gas Lift the 
test tube from the water so that the water will run out of the test 
tube snd air rrS! rush in in ssiz wkh &e methane. Close the mouth 
of the test tube with your thumb and bring the tube horizontally, 
to the side of a Bunsen burner flame Remove your thumb. 

Result? 

Collect and stopper a test tube of methane. Remove the glass 
delivery tube from the water and ignite the escaping methane 
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Does the color of the flame indicate that carbon is being liberated, 

i. e., produces a colored flame? Invert a clean, 

dry bottle for a few seconds over (not in) the Bunsen burner flame 
Observe the film of moisture on the inside of the bottle Add a few 
rmlhliters of limewater to the bottle Close with a glass plate or 

rubber stopper and shake the bottle thoroughly. Result? 


What are the products of complete combustion of hydrocarbons? 
and 

To the stoppered test tube of previoiisly collected methane, add 
a few drops of bromine water. Restopper and shake the tube 

vigorously. Does the bromine show any change in color? 

No change in color of the bromine water indicates no reaction. 
Thrust a glass rod, previously dipped into ammonia water, into 
the test tube. A white cloud of ammonium bromide indicates the 
presence of HBr gas. Complete the reaction 

CH4 'f' B*’2 ^ HBr ' 4 * - — I - 

bronildr 


Is this type of reaction of a halogen with a saturated hydrocarbon 
(represented by methane) one of substitution or of addition? 



Fig 25 — A LoboroJory Method of 
Preparing Methane. 




710 


Laboraiory Chemhlry 


(6) Ethylene: {The laboratory preparation of ethylene is difficull 
and an inefficient process. If available collect two test tubes of gas 
from the ethylene cylinder on the supply table. Otherwise in groups of 
two or three make the ethylene as directed.) Use a dry sidearm test 
tube and a dry medicine dropper, the bulb of which must fit tightly. 
Set up an apparatus as in Fig. 26. Have ready two cork stoppered 
test tubes. Remove the rubber stopper cont ain i n g the dry medicine 
dropper, and fill the dropper completely with ethyl alcohol. Place 
about 5 ml of concentrate sulfuric acid in the dry sidearm test 
tube, and with a very small fiame carelully beat just to boiling. 
Replace the stopper and hold it in tightly during the collection of 
the ethylene, largely because of the danger of sulfuric add spatter- 
ing out of the tube when the alcohol falls on the hot add, and by 
means of the medicine dropper, allow ethyl alcohol to fall, drop by 
drop, upon the hot sulfuric add. Allow a few bubbles of gas to 
escape and then collect two test tubes of ethylene gas. In order to 
collect suffident gas it may be necessary to keep the add hot by 
gently heating it from time to time. If the experiment has to be 
repeated in order to collect more ethylene, remember that the gen- 
erator tube must be dry before adding the concentrated sulfriric 
add. Bring one tube of ethylene gas horizontally to the side of 
(not in) a Bunsen burner flame. Remove cork to ignite the gas. 

Result? 

How does the color of the ethylene flame compare with that of 


the methane flame? 



Fig 26 — Noting Preporotion of Efhyl«n# 



Laboratory Chemistry 


711 


Add a few drops of bromine water to the second test tube of 
ethylene, stopper, and shake it vigorously. Result? 

H2C = CHa + Brj-^ „ _ 

Ethylsn* dibromida 

From the equation would you expect to prove the presence of 

HBr? The decoloration of bromine with 

ethylene and the failure to prove the presence of HBr indicate 

that ethylene is an compound 

Is the dominant type of reaction of an unsaturated hydrocarbon 
(represented by ethylene) that of substitution or of addition? 


Is the decoloration of bromine more rapid with saturated or un- 
saturated hydrocarbons? 

Which type of hydrocarbon is the more reactive? 

How many shared electrons are there between the carbon atoms 
of ethylene? 

Complete the following equation for the preparation of ethylene; 
H H 

t ( HaSO« 

H— c— c— OH y H3O + 


Combustion of ethylene: C2K4 + O2 + _ - ~. 

Conditions such as temperature, pressure, and concentration 
greatly modify reactions. Thus ethylene is produced by the de- 
hydrating action of sulfuric acid on ethyl alcohol, but at a tempera- 
ture lower than 150® C. and with an excess of ethyl alcohol, the 
product formed is mostly ethyl ether (diethyl oxide). 


(Ettiyl •thar) 


-4-H20 


2 C2H6OH 


H3SO4 
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(c) Acetylene Use the same apparatus, excepting the burner, 
as in the preparation of ethylene. Have ready a stoppered test 
tube. Fill the curved portion of the dry test tube generator with 
small lumps of calcium carbide, and, by means of the medicine 
dropper, allow water to fall, drop by drop, upon the carbide. Allow 
a few bubbles of gas to escape and then collect one-half a test tube 
of acetylene gas Lift the tube from the water and carry, mouth 

downward, to (not in) a flame Result? 


The acetylene-oxygen mixture is one of the most dangerous gaseous 
explosive mixtures known. 

Collect a test tube of acetylene and qmckly bring the mouth of 
the test tube to the side of a flame What element is liberated when 

acetylene is incompletely burned? The color of 

the acetylene flame is characteristic of unsaturated compounds 
when burned in a limited supply of oxygen. In comparing the color 
of the flame of the three classes of hydrocarbons (methane, ethyl- 
ene, acetylene) how does the unsaturated class differ from the 
saturated class (represented by methane) with respect to com- 
pleteness of combustion? 


Collect another test tube of acetylene, stopper, and shake vigor- 
ously with several drops of bromine water. Result? 

H— CsC— H -b 2 Brj-> _ 

Tvtrgbremearhan* 

The decolorization of bromine with acetylene gas, and the failure 
to prove the presence of HBr formation indicates that acetylene, 

like ethylene, is an compound 

Is the dominant tj^ of reaction of an unsaturated compound (rep- 
resented by acetylene) that of substitution or addition*^ 

Is the decoloration of bromine more rapid with saturated or un- 
saturated hydrocarbons? What does that indicate? 

Is acetylene more active than 


ethylene? 
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Complete the following equations: 

Preparation of acetylene: CoCa + H2O C2H2 + - _ 

Combustion of ocetylene; CjHa-f* . --- 


Differences Between Three Classes of Hydrocarbons 



Methane 

Ethylene 

Acetylene 

Molecular formula 




Graphic formula 




Class (based on number 
of shared electrons) 




Explodes with air 

(sbght, moderate, very) 




Color of dame 




Dotmnant reaction 

(substitution or addition) 




Order of activity 
(let, 2nd. 3rd) 
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EXERCISE 28— CHAPTERS XIII AND XIV 
ALCOHOL, ALDEHYDES, ORGANIC ACIDS, 
ESTERS, AND ETHER 

Section Date Name 

Materials Thermometer, glass condensing tube, compressed yeast, Karo 
syrup, camphor, oti, iodine crystals, dilute potassium diehromate solution, 
^yl alcohol, methyl alcohol, copper spiral to fit in a test tube (Use three feet of 
No 14 copper wire At a distance of three inches from one end wmd the wire 
about IS times around a pencil into a close spual until within eight inches of 
the opposite end Push the longest end through the cod and twist together 
to form a handle ) 

Resorcin solution (1 per cent), silver nitrate solution, formaldehyde solution, 
Benedict's solution {173 Gm of copper sulfate, 173 Gm of sodium citrate, and 
100 Gm of anhydrous sodium carbonate, made up to one liter with distilled water. 
Add the copper sulfate dissolved m 100 ml of water slowly to about 800 cc 
of the other filtered ingredients, and finally make up to a liter) 

Tollen's solution (Add NKiOH to dilute AgNOa solution until the preapi- 
tate which first forms dissolves), Pasteur's salts (860 ml distilled water con* 
tammg 2 Gn KjPOi, 0 2 Gm Cas(P04)3, 0 2 Gm MgSOi, 10 Gm- 

(NH4)sC4H40«) 

Acetic acid, amyl alcohol, saturated methyl alcoholic solution of salt^lte acid, 
feutyric ocid, amy/ flcsfote, milk, feme chloride solution (5 per cent) 


A. ALCOHOL 

Note To be started several days before the regular laboratory period by 
student or instructor. The laboratory prepared alcohohe solution contiuna 
small amounts of esters, aldehydes, and bigncr alcohols. 

Preparation. Dissolve one eighth cake of yeast m a flask con* 
taming 160 ml. of water, 20 ml, of Karo s 3 Tup, and 9 ml of Pasteur’s 
salts (for the yeast to feed on). Put in some warm place for several 
days. Decant the liquid into a flask leaving the sediment in the 
bottom of the fermentation flask. Save one half of a test tube 
for (c). Set up the apparatus similar to Fig 27. Use approx- 
imately 150 ml. of the fermented solution previously prepared, and 
distill 5 to 10 nil. at as low a temperature as possible. The liquid 
should barely simmer, not boil. Tlie temperature at which the 

hquid begins to distill is . .* C. Save the undistilled 

portion for part C, Organic Adds 

CsHts06->2 -t-2COz 


Elhyl oirohol 
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(6) Properties: Record the odor and taste of the distillate 


Apply a lighted match to a small portion in an evaporating dish. 
Result? 

Oxidation of alcohol in the human body generates heat with the 
formation of two end products, namely and 

In a test tube containing some of the distillate, test the solubility 
of some camphor or a drop of oil. Is the camphor or oil very soluble 

in cold alcohol? In boibng alcohol? 


Rg. 27 — Distillaticn Apparatus 



(c) Test. To a few milliliters of the alcohol add a few iodine 
crystals and shake it until a dark brown color is produced. Add 
sodium hydroxide solution a drop at a time until the dark brown 
color changes to a deep yellow Iodoform separates as a yellow 
precipitate, and may be recognized by its odor. What is the 

principal use of iodoform? 


B. ALDEHYDES 

(a) To 1 ml. of ethyl alcohol (95 per cent) add a few drops of 
concentrated sulfuric acid and 1 ml. of the oxidizing agent, potas- 
sium dichromate solution. Warm gently to boiling and note the 




716 


Laboratory Chemistry 


sharp, penetrating odor of the escaping gas acetaldehyde. This is 
also a test for ethyl alcohol. 

(6) Pour 2 ml of methyl alcohol in a test tube which is standing 
in a beaker of water. Heat a copper spiral wire (Fig. 28) to a red 
heat in the upper part of the laboratory flame. On withdrawing 
the copper observe the black deposit of copper oxide Immediately 
lower it into the test tube of methyl alcohol. Repeat if necessary 
until the pungent vapor of formaldehyde is evident. Save the 
oxidized alcohol for the Hehner resorcin test 



Fi 0 2ft— Copper Spiral far Oxidotion 
at Methyl Alcohol 


CHjOH + O ^ H • CHO + H^O 


What is the oxidizing agent in the preceding action? 


How are aldehyde formed from alcohob? 


(c) Reducing Agent. Aldehydes are readily oxidized 
Instruction: 

When heating material in a test tube, always hold the test tube 
obliquely in the flame, point the moaA away from anybody and, if a 
liquid, slightly agitate it by a sidewise shaking of the test tube 

1. Benedict’s Cuprous Oxide Test: Add a few drops of an alde- 
hyde solution as formalin (40 per cent formaldehyde) (supply table) 
to 1 ml. of Benedict’s solution, contained in a test tube Make the 
solution more alkaline with a few drops of sodium hydroxide solu- 
tion, and with constant agitation of the liquid boil gently for a 
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minute and then cool. A yellow to red insoluble CugO is evidence 
of reduction. 

2 Cu(OH }2 + H ' CHO C 02 O i + H • COOH + 2 H 2 O 

Cvprte hydroxide Cuprout 

2. Tollen's Silver Mirror Test' Clean a test tube by boiling with 
dilute sodium hydroxide solution. Add a few drops of an aldehyde 
as formaldehyde (supply table) to 1 ml. of ToUen's ammoniacal 
silver nitrate solution. Warm the tube very gently without agi- 
tating the liquid. Silver is deposited. 

2 AgOH 4* H • CHO 2 Ag -f H 2 O -f- H • COOH 

Tlie results of 1 and 2 show that aldehydes are agents. 

In these reactions the metallic hydroxides furnish oxygen for the 
oxidation of the aldehyde (or ketone) to form organic acids. 

R ' CHO + O R ' COOH 

3. Hehnefs Resorcin Test: Add one drop of a 1 per cent resorcin 
solution to the oridized alcohol, obtained in (b). Add 5 ml. of 
water and mix well. Carefully pour this mixture down the side of 
a test tube containing about 3 ml of concentrated H2SO4. A pink 
to a red ring (not brown) will be formed where the hquids meet. 
This is a method used to detect formaldehyde and thereby wood 
alcohol in a liquid. 

Check tests 1, 2, 3 with the Instructor, 

(d) Milk Test: This test will detect one part of H • CHO in 
250,000 parts of milk. Add one drop of formalm to half a test tube 
of water. Mix thoroughly, pour out the solution, half fill the tube 
with milk, and shake so the milk will mix with the formalm cling- 
ing to the inside of the test tube. Add about 10 ml. of dilute HCl 
(one to three) and one drop of FeCU (5 per cent). After mixing 
thoroughly stand in a beaker and heat to bofimg. Why might milk 

be found to contain formaldehyde? 

C. ORGANIC ACIDS 

(n) To the undistilled liquid from the alcohol experiment add 
blue litmus paper. 
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C2H5OH — ^ CH3 • CHO + H2O 

Mcotvot AeetoMshyda 

CHs • CHO — ^ CH3 ' COOH 

Acsfaldehyda An Organic Acid 

What acid is formed? add. Organic acids formed from 

alcohols are due to what kind of reaction? 

D. ESTERS 

(a) To a solution of 2 ml. of ethyl alcohol in a dry test tube add 
1 cc. of glacial acetic acid and very carefully a few ^ops of concen- 
trated sulfuric acid. Carefully warm (very gently). Add water, 
agitate the liquid and then notice the ethereal, finiitlike odor of 
ethyl acetate, an ester produced by the process esteriftcation. Esters 
are extensively used as artifidal flavors. Notice the similarity be- 
tween this method of preparation and the method used to prepare 
a salt by neutralization. The alcohol acts like a base but is too 
weak to affect Utmus. The similarity between neutraUzation and 
esterification is shown as follows: 

NaOH + NoCI + H2O 

C2H90H + CH3COOH CH3COOC2H5 + H2O 

Alcahol Acta Etfcr 

(b) Repeat (a), using the same quantities of amyl alcohol, 
gladal acetic add and concentrated sulfuric acid in a dry test tube 
Warm gently. The odor is that of a finger nail polish remover, and 

resembles what fhiit? 

(c) Repeat (a), using the same quantities of the prepared (stock) 
methyl alcohol (wood) — salicylic add solution and sulfuric acid in 
a dry test tube. Warm gently. What substance often tised in lini- 
ments has this odor? 

(d) Repeat (a), using the same proportions of ethyl alcohol, 
butyric acid, and sulfuric add in a dry test tube. Warm gently. 

What tropical fruit has a similar odor? 

(e) Hydrolysis: Esters are mostly insoluble in water and all 
undergo slight hydrolysis, i, e., they react with water to form the 
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original add and base. The hydrolysis of esters is just the opposite 
of esterification. The concenfeated sulfiuic acid used in the prepa- 
ration of the ester is a dehydrating agent and absorbs the water as 
fast as formed and consequently prevents a reversible reaction. 
Put one-half a millihter of amyl acetate (an ester) into a dry test 
tube and test with blue litmus paper. Add 10 ml. of H 2 O. Shake 
the test tube thoroughly, remove the litmus paper, and compare 

the color with another piece of blue litmus paper. Result? 


Write the formula of the alcohol and the acid formed in such a 
way as to show the characteristic group of each 

CH3COO-CaHii-*-HOH?:>_ + 

Ak^ol Add 

What is the name of the alcohol formed? 

E. ETHER 

To about 2 ml. of ethyl alcohol in a dry test tube, add drop by 
drop 0.5 ml. (eight drops) of concentrated sulfunc acid, shaking and 
smelling after the addition of each drop of acid. The odor is that 
of ordinary ethyl ether. 

2 CzHftOH -4 - -f- H 2 O 

bhyl •ftier 

In the above reaction, what kind of an agent is sulfuric add? 


What is the main use of eUiyl ether? 
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EXERCISE 29-CHAPTER XV 
CARBOHYDRATES 

Section Date Name 

Materials Starch, cane sugar, mtlk sugar, grape sugar, iodine solution, 
Benedict's solution, fermentation tubes, cooked starch paste (I per cent), un- 
cool ed starch solution (1 percent) Optional Phenylhydraztne solution, saturated 
sodium chloride solution, glucose solution, glacial acetic acid, microscope and 
slides 


Instructor: 

If D is to be performed start a day or so before the regular labora- 
tory period. 

A. DEXTRIN FROM STARCH 

(а) loDiNB Test for Starch: Add a few grams of starch to 
10 ml. of water. Heat to boiling, cool, and then add a drop of 
iodine solution. A blue color indicates the presence of starch. 
Reserve this test. 

(б) Starch to Dextrin: Heat 3 Gm. of starch (6 ml.) in an 
evaporating dish on a wire screen over a very small flame with 
constant stirring. The flame must not touch the evaporating dish, 
and care must be taten not to bum the starch.* At the end of 
several minutes the starch will become light brown. Continue the 
heating a few nunutes longer with constant stirring. Cool. Use 
your finger to wipe up any undianged starch clinging aroxmd the 
inside of edge of the dish. Fill the evaporating dish two-thirds full 
of water, stir, and filter. (While filtering, proceed to B.) Add a 
drop of iodine solution to 10 ml. of the filtrate A violet to a reddish- 
brown color (not blue) indicates the presence of dextrin. To 
determine if the preparation of dextrin is successful, dissolve a 
pinch of dextrin from the supply shelf in a test tube half full of 
water, and make the test with iodine. Compare these solutions 
with the one saved in (a)> and check results with the Instructor. 

Evaporate the remaining filtrate to about 

* If uamg Uia test tube bolder to steady the evaporatiag diah while Btimng, graap the 
diab eo u to encloee its bp 
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5 ml. and then with extreme caution nearly to dryness. Cool and 
taste a s m all portion of it. Why are toast and the crust of bread 

sweet? .... Examine the dextrin between 

moistened fingers. Result? 

What could it be used for? 

B. REDUCING PROPERTIES 

To 5 ml. of water in a test tube add a few milliliters of grape sugar 
solution. Now add to this sugar solution just enough of Benedict's 
solution to mate it a hght blue color. Heat to the boiling point. 
The formation of yellow cuprous hydroxide or red cuprous oxide 
indicates that glucose is a reducing sugar. Test in a similar way 
dilute solutions of lactose, sucrose, and starch (cooked or uncooked). 

Are monosaccharides (dextrose) reducing agents? The one 

disaccharide which is not a reducing agent is Are poly* 

saccharides (starch) reducing agents? The reducing 

power of carbohydrates is due to the characteristic group, called 

the 


C HYDROLYZING PROPERTIES 

(a) Starch to Glucose: Boil 100 ml. of water in a beaker. Mix 
thoroughly by agitation in a test tube about one-half a gram of 
starch and 5 ml of cold water. Add this mixture to the boiling 
water and stir. Add about 05 ml. of concentrated hydrochloric 
add and boil gently for about five minutes. The solution should 
now be colorless. Drop a piece of litmus paper in the solution 
sSd sodluzs hydrate sduiioB, s Sew dro^ at s time, until 
the solution upon stirring reacts neutral or slightly alkaline. Add 
sufficient Ben^ct’s solution to give a blue color, and boil to make 

the test for glucose. Allow the elution to cool. Result? 

Check with the Instructor 

. . . Complete the equation for the hydrolysis of starch 

(polysaccharides) . 


(C6Hio 05)«+ nH20~>__ 
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Hydrolysis of starcli is produced in the mouth by and 

in the intestines by 

(6) Sucrose into Glucose and Fructose* To 6 ml. of dilute 
cane sugar solution add a drop of hydrochloric add and boil gently 
for two minutes Make it alkaline to litmus paper with sodium 
hydroxide* solution and test by Benedict’s method Result? 


Check result with the Instructor 

Complete the equation for the hydrolysis of cane sugar (disac- 
chande). 

C12H22OH d* HjO — > CeHisOe ■*{* 

CImcoi* Frvcteit 

The fact that a starch solution is cloudy (colloidal) and a sugar 
solution IS clear shows what about the relative sizes of the starch 
and sugar molecules? 


What kind of an agent is hydrochloric acid? 

Hydrolysis of sucrose is produced m the intestmes by 

In cooking fruits containing add why should the sugar not be added 

until after the fruit is cooked? 


Hydrolysis involves a reaction between a compound and 


* In tbe presence of a too elrong eolution of NaOH, a brown caramel like condensa 
bon product develops The action of an alfcali on a carbohydrate bearing; a free car 
bonyl EToup to produce a brown product is nobced when too much soda is used as a 
leavening agent in baking 
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D. FERMENTATIVE PROPERTIES 

{Demonstration by designated stwients) 

Fill five fermentation tubes (Fig. 29) with dilute solutions of 
starch, glucose, sucrose, lactose, and maltose, respec* 
tively. Introduce a few drops of yeast solution into each 
tube and place in a warm place until the nest class 

What carbohydrate do not ferment? 


Under certain pathological conditions the urine may 
contain milk sugar How could you determine whether 
the patient had diabetes or not, since milk sugar as well 

as destrose responds to Benedict’s test? 



How do you account for the action of yeast on sucrose? 


E. OXIDATION 

Will a carbohydrate bum? In Exercise 26 

a sugar was oxidized by copper oxide. What are the two compounds 

formed by oxidizing a carbohydrate? and 

What else is formed that cannot be shown in the equation for the 

oxidation of a sugar? 

Summary: 

Usi lew soam properties nf carhc^ydrates 


The test for a monosaccharide and all disaccharides, excepting 
sucrose, is made by . 
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F. DIGESTION OF STARCH PASTE 

{Optional if Experiment on Digestion of Foods is to be performed) 

(o) Salivary Amylase Action: To 5 ml. of dilute cooked starch 
paste (1 per cent) in a test tube add five drops of saliva and stir 
thoroughly. Hold the bottom of the test tube in your hand so as 
to keep the liquid near body temperatiure. At half-minute intervals 
or less remove one drop to an evaporating dish (or depressions in a 
white porcelain test tablet) , and test for starch with a drop of dilute 
iodine solution. When no color is produced with iodine, test the 
remaining mixture for sugar (maltose) by boiling with Benedict’s 
solution, and cooling. What range of colors did you obtain? 

What intermediate product is pro- 
duced in the digestion of stardi to sugar by salivary amylase 

(ptyalin)? 

(6) Using 5 ml. of raw (uncooked) starch paste (1 per cent) 
add five drops of saliva, and mix thoroughly. Make the iodine test 
at one-minute intervals over ten minutes. Then filter and test the 

filtrate by Benedict’s test. Result? 


What is your conclusion? 


C. FORMATION OF OSAZONE (OPTIONAL) 

The monosaccharides and disaccbarides, sucrose excepted, react 
with phenylhydrazine to torm osazones. Smce different osazones 
have slightly different crystalline forms with different melting 
points the formation of osazones identifies the sugar from which it 
was formed. 

To a test tube contaimng a nuxture of five drops of phenylhy- 
drazine, ten drops of glacial acetic add, and 16 drops of saturated 
sodium chloride solution, add 3 ml. of glucose solution and boil for 
about three minutes. Place the t^t tube in a beaker of boiling 
water, and allow to cool. Remove some of the crystals, place on a 
glass slide, examine under a microscope, and sketch one or more 
crystals. 
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EXERCISE 30~CHAPTER XVI 
FAT-SOAP 

Section Date Hame 

Materials Cottonseed oil, alcohol, sodium hydroxide (50 per cent), sodium 
chloride solution, sodium carbonate, potassium hydrogen sulfate, chloroform, 
ether, carbon tetrachloride, aZ&umin solution, soap solutiori (I JO), 0.5 per cent 
sodium carbonate solution, rancid oil (one drop oleic acid to 2 ce of cotUinseed 
oil), fresh olive oil, milk, blue litmus solution, pancreatic juice (0 I Gm pan- 
creatin in 500 ml of 05 per cent NoiCOs), butter, glycerol, 2 per cent iodtne~ 
chloroform solution 


A. FAT 

(a) Digestion of Fat; Add sufficient blue h'tmus solution to 
10 ml. of fresh milk to impart a noticeable blue color. Divide equally 
into two test tubes, and to the one add 1 ml. of artificial pancreatic 
juice. If both tubes are not the same color, add enough 0.5 per 
cent NasCOa solution to the one needing more alkali. Allow both 
tubes to stand in a beaker of warm water, approximately 37^ C., 
until near the end of the laboratory period or longer. If an incuba- 
tor is available, place the tubes in it instead of in the beaker of 
water. Hold the tubes together and aimpare their color by looking 
down into both tubes. The color of the litmus solution which con- 
tains pancreatic juice is , which indicates that an 

is formed. In case the change in color is not very 
marked, warm sUghtly and smell both tubes. What is the odor of 

the milk containing the pancreatic juice? What 

enzyme found in the pancreatic juice digests fat? 

N. B If the experiment on the Digestion of Foods {pp. 735 to 
738) IS to be performed, the following paragraph may be omitted. 

Put a very small piece of butter into a test tube, add 5 ml. of 
water and warm until the butter barely melts Add 5 ml. of pan- 
creatic juice and shake thoroughly. Place the tube in the beaker 
of warm water and at the end of the laboratory period note the 

change in odor. What add has been formed? 

Note the change in appearance of the butter. 
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Write an equation to show the reaction produced by the lipase 
enzyme. 

CsHsiOOCCaHrla + - HOH ->> + 

Glycsryl butyrals Glycerol Butyric odd 


(b) Spore Test foh Fat: Place a drop of cottonseed oil upon a 
piece of paper. How does the spot compare with that produced by 

a drop of water? 


(c) Solubility of Fats. Usmg a dry test tube, test the solu- 
bihty of one drop of cottonseed oil in 5 ml. each of ether, carbon 
tetrachloride, chloroform (save for (e)], alcohol and boilmg alcohol. 
Results? 


(d) Emulsion of Fats. To a drop of cottonseed oil m a test 
tube add 10 ml of water and ebake vigorously. Result? 

Allow to stand a minute. Is a permanent emulsion formed? 

Now add a few drops of soap solution and shake again. Results'^ 

Repeat the experiment using dilute albumin solution instead of 
soap solution Is an emulsion always made permanent by the 

addition of a colloid? 

Test the emulsification of a drop of fresh oil and a drop of rancid 
oil in separate test tubes, each containing 10 ml of water and five 

drops of 0 5 per cent solution of sodium carbonate. Result? 


(e) UnsATimAraD Fat Test: Fats may be identified by esti- 
mating the quantity of iodine absorbed by the unsaturated esters 
present, the percentage absorbed being called the “iodme number.” 

In a test tube contairung about 10 ml of chloroform and about 
1 ml of dissolved vegetable oil (saved from (c)), add drop by drop a 
solution of iodme in chloroform (2 per cent) to give a faint violet 
color. Shake the tube thorouglily and allow to stand for ten 
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minutes or more. Again shake the tube. Result? . 

Structurally how does an unsaturated fat, such as olein, differ from 

a saturated fat? 

Is the reaction of an unsaturated fat with iodine an example of 
addition or substitution? 


B. SOAP 

(а) Saponification of Pats* Place in an evaporating dish 8 ml. 
of cottonseed oil, and an equal volume of ethyl alcohol (solvent) 
and 16 drops of the sodium hydroxide solution (50 per cent) from 
the supply table. Stir, and with a small flame warm very gently 
until the alcohol evaporates. (If the alcohol catches fire no harm 
is done, but extingui^ by placing a sheet of paper on top of the 
dish.) The pasty mass, mainly sodium oleate mixed with glycerin, 
is soap. The process of treating a fat with an alkali to form a soap 

is called 

CsHsiOOCCuHaala + 3 NoOH CjHslOHla + 

Fat (glyctrol Clyunn Sodium 

trioloou) (gtyoorol) ol*at* 

(The alcohol is used as solvent to save time and is not used com> 
mercially.) 

(б) Fatty Acids. To the soap in the evaporating dish add water 
and warm to dissolve the soap Save one-half a test tube of this 
solution for the next experiment, and to the remaining soap solu- 
tion add a strong mineral acid as hydrochloric acid until a pre- 
cipitate (liquid here) forms upon stirring vigorously. 

CnHsaCOONo + HO NoCI + _ 

Soap Olele octd 

lisisi tks^ ii? h€^i>§ aud S^ier Ihrru^^pJb a wef .flJfar- 3Zba 

residue on the filter paper is oleic add and the above reaction rep- 
resents a general method of obtaining an organic acid from its salt. 

Is it soluble in water? Transfer some of the liquid or 

the solid residue from the filtw paper to a test tube, add 10 ml. of 
water and a few milliliters of sodium hydroxide solution. Heat 
until solution takes place. 

C17H33COOH + NaOH H2O -f _ __ 

Sodium 

(Soaol 
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What characteristic property of an acid is shown in the above 
equation? A soap is a metallic 

salt of a 

(c) “Salting Out”: To the one*half test tube of soap solution 
obtained in (6) add sodium chloride solution Result? 


This is called “salting out,” and is 
an example of precipitating a colloid What important commercial 
product is present in the brine below the soap’ 

( d ) Glycerin (Glycerol): To a drop of glycerm m the bottom 
of a dry test tube add a few crystals of potassium hydrogen sulfate. 
Heat caubously, and note the irritating odor of acrolein, which is 
formed by dehydrating glycerin accordmg to the following equation' 

KK$04 

CjHstOHls > CiHjCHO + 2 H 2 O 

(^r«p*ael) 

Repeat the test for glycerm by using a few drops of any fat Why 
may this procedure be used as a test for any fat? 


Since fats decompose when heated alone to a high temperature, 
would intense heat used m cooking fatty foods improve their flavor 

and digestibihty? 
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EXERCISE 31— CHAPTER XVII 
PROTEINS 

Section Date Name 

Materials' Egg albumin solution {white of one egg thoroughly shaken with 
300 ml of water), I per cent CuSOi solution, Mtllon’s reagent (one part by 
weight of mercury dissolved in two parts by weight of concentrated nitric acid and 
diluting the resulting solution with two volumes of water), dilute solutions of 
phenol, gelatin, mercuric chloride, lead acetate, silver nitrate, copper sulfate, 
ferric chloride, tannic acid (fresh), picric acid, dilute acetic acid, alcohol, ammo- 
nium sulfate crystals Cotton thread, silk thread, wool yarn 


A. SOLUBiUTY 

(a) Obtain approximately 150 ml- of egg white solution from the 
supply table. Observe the flaky precipitate. What simple protein 

is not soluble in plain water, but is soluble in salt water? 

Start the filtering of the entire quantity of egg white solution, and 
use the clear egg albumin solution for the following protein re- 
actions; 

(i) What kind of a solution does albumin form with water? 

Can albumin (colloidal) bo separated from solu- 
tion by filtering through filter paper? It can be 

separated imaltered though from a crystalloid in solution by a 

process called 

(c) Place a few millihters of albumm solution in a test tube and 
shake vigorously. What is characteristic of protein solutions upon 

shaking? Can colloidal food be absorbed di- 
rectly by the intestinal wall‘d What changes the col- 

loidal material into an easily absorbable form? 

B. COLOR REACTIONS 

Instruction: 

Color reactions are due to a reaction between some one or more of 
the radicals of the complex protein mdecide and the chemical reagent 
used in any test. 
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(а) Xanthoproteic Reachon: To about 3 ml of egg albumin 
solution in a test tube add a few drops of concentrated nitric acid 
A white precipitate forma, which upon heating turns yellow and 
finally dissolves, imparting to the solution a yellow color. Cool and 
cautiously neutralize by adding the alkali, ammonium hydroxide, 
in exc^ The yellow color deepens to an orange. Nitric acid on 
the skin produces a yellow color, which becomes orange when 
treated with ammonia water or soap 

(б) Biuret Test: To 3 ml of egg albumin solution in a test tube 
add 1 ml. of sodium hydroxide solution and then slowly a few drops 
of a 1 per cent copper sulfate solution At the end of a minute a 
pink to violet color is produced. 

(c) MiLLON’a Reaction: To 3 ml. of egg albumin solution in a 
test tube add a few drops of Millon^s reagent A white precipitate 

forms which upon heating slowly turns and then 

This color is due to the hydroiyphenyl group (— CsHiOH), which 
is present in many proteins. Repeat MiUon’s test with a solution 
of phenol (CaHsOH), and then of gelatin. Result and conclusions? 


C. COAGULATION OR HEAT TEST 

(a) Pour a test tube full of dilute egg albumin solution into an 
evaporating dish, and heat to boiling. Complete coagulation may 
be obtained by acidifymg with two drops of acetic add. Remove 
some of the coagulated albumin and make the biuret test. Allow 

to stand for a rmnute. What is the color of the coagulation‘s 


(6) Fill a test tube almost full of albumm solution With a small 
flame carefully heat the middle portion of the hquid m the test 
tube to boihng by inclining the tube over the flame. Compare the 

lower part to the heated part. Result? 

(c) Four out half of the solution, heat the remaining portion to 
boiling, and filter. Make the biuret test on the filtrate. Result? 
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What is the effect of heat on protein in solution? 


When heating milk or making soups from meat, what is the co- 
agulated substance collected on the surface of the liquids? 

(d) Place 5 ml. of clear albumin solution into three separate test 
tubes To the first add one drop of dilute acetic acid, and to the 
second four drops of dilute sodium hydroxide. Place all three tubes 
in a beaker of water. Heat the water and watch to see what hap- 
pens Is coagulation facilitated by dilute acid or alkah? 

Add 2 ml. of concentrated hydrochloric acid to the acid tube and 
boil. Add 2 ml. of sodium hydroxide (10 per cent) to the alkali 

tube and boil. Results? 


D. PRECIPITATION REACTIONS 

Various salts, mineral acids, alkaloidal reagents, and alcohol are 
able to precipitate proteins. 

(a) Pkecipitation sr Salts or Heavy Metals- Prepare five 
test tubes, each contaitung about 3 ml. of dilute egg albumin solu- 
tion and a drop of sodium hydroxide solution. To the first test 
tube add mercuric chloride solution, drop by drop, until an excess 
of the reagent has been added, noting any <^ianges which may 
occur. Repeat, using lead acetate, sOver nitrate, copper sulfate, 
and ferric chloride solutions. 


Salts of 
Heavy Metals 

Results 

HgC], 

1 

PbCCsHaOa)* 


AgNOs 1 


CuS04 


FeCls 
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Egg albumin is used as an antidote for mercury or lead poisomng 
Why’ 

(6) Precipitation by Alraloidal Reagents Prepare two test 
tubes, each contaimng 3 ml of dilute egg albumin solution and a 
drop of dilute acetic acid To one add a few drops of tannic acid 
solution and to the other add a few drops of picric acid solution 

Results’ 


(c) Precipitation by Nitric Acid (Heller s Ring Test) 
Place 5 ml of concentrated HNOj m a test tube mclme the tube, 
and by means of a pipette (glass tube) allow the dilute albumin 
solution to 6ow slowly down the side A white zone of precipitated 
albumm forms at the point of juncture This is a very debcate test 
and IS used extensively m urinalysis 

(d) Precipitation by Alcohol Add a few drops of egg albumin 
solution to 5 ml of alcohol contamed m a test tube The hrmg of 
tissues for histological examination by means of alcohol is an lUus 
tration of the appbcation of this transformation produced by 
alcohol The proteins are preapitated unaltered, and probably are 
dehydrated by the alcohol 

(e) ‘ Salting Out To a test tube one tlurd full of egg albumm 

solution add ammomum sulfate crystals slowly and with constant 
stimng until a saturated solution is formed "nie proteins are pre- 
cipitated imaltered Filter off the precipitate and test the filtrate 
for protein by any one of the previously tried tests Is albumm 
completely precipitated in a saturated solution of ammomum sul 
fate? Check result with the Instructor 

In the previous preapitations the protem had combined with the 
reagent, D (a), (6), (c), or it had been coagulated by heat, C (a), 
or alcohol, B (d), so that it was permanently changed In last 
week’s experiment (Fats) what colloidal substance was ‘ salted out ’ 


of solution’ 
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Summary: 

Protein in solution may be precipitated by 


E. TEXTILE FIBERS 
{Optional) 

Obtain from the supply table, nme threads, three each of wool, 
Silk, and cotton for the following experiments* 

(a) Effect of Heat: Light separately the end of a thread of 
wool, silk, human hair, and cotton; then withdraw from the flame 

Which continues to bum? Which gives the least odor? 

How may you distinguish between animal flbers 
(wool, silk) and vegetable flbers (cotton, linen)? 


(6) Effectt of a Strong Base Place a thread of wool, silk, and 
cotton in separate test tubes, each about one-eighth full of sodium 
hydroxide solution (10 per cent) and boil gently for a mmute 

Result? 

What kind of fiber is dissolved? What is the 

composition of this kind of fiber? 


(c) Efpectt OF A Concentrated Strong Acid. Repeat (b), using 
concentrated hydrochloric acid instead of the sodium hydroxide 

solution? Result? 
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(d) Effectt of Salts from the Boot How do the salts of the 
body m perspiration affect the protein fibers as in silk and wool’ 


(e) Summarize the Properties of Animal and Vegetable 
Fibers 


Effect of 



(wool and edk) 

(cotton) 

Heat (flame) 



Bases (strong) (NaOH) 



Acid (cone ) (HCI) 
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EXERCISE 32— CHAPTER XVIII 
THE CHEMISTRY OF DIGESTION 


Section Date Name 

Materials Starch paste (one gram of starch ground thoroughly in a mortar 
with enough water to make a thin paste^ and then poured slowly into 100 ml. of 
boiling water), dilute iodine solution, Benedict’s solution, raw starch solution (1 
per cent), artificial pancreatic juice {one gram pancreatin in 100 ml of 0 5 per 
cent Na2C0a), hard-boiled egg white, neutral pepsin (I percent), artificial gastric 
juice {1 Gm pepsin in 100 ml of 04 per cent HCl), 0 5 per cent N 02 CO 3 solu- 
tion, cream, porcelain test tablets 


A. STARCH 

(a) Salivary Amylase: Have ready about 3 ml. of dilute iodine 
solution for your different starch tests To 5 ml. of cooked starch 
paste (1 per cent) m a test tube add five drops of saliva and stir 
thoroughly. At two-minute intervals or less, remove one drop to 
an evaporating dish (or depression in a white porcelain test tablet) , 
and test for starch with a drop of dilute iodine solution. When no 
color is produced with iodine, test the remaining liquid for sugar 
(maltose) by boiling with Benedict’s solution, and then cooling. 

What range of colors did you obtain in the iodine tests? 


What intermediate product is produced in the digestion of starch 
to sugar by salivary amylase (ptyahn)? 

Using 5 ml. of raw (uncooked) starch paste add five drops of 
saliva, and mix thoroughly. Make the iodine test several times 
during the next 10 or 15 minutes. Filter, and test the filtrate for 
sugar by boiling with Benedict’s solution. 

What difference do you find in the digestive action and time 
action of saliva on cooked and uncooked starch? 


B. FATS 

(a) Pancreatic Lipase (Steapsin): To 1 ml of cream add 5 ml. 
of milk or water, and an equal volume of artificial pancreatic juice. 
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Shake the mixture thoroughly Keep at 37’ C for an hour or more, 
and note any change in odor Warming the tube will make the odor 
more noticeable The smell mdicates that the substance formed is 
an 

Fats must be m an emulsided condition before they can be hy 
drolyzed In the hydrolysis of fats what products are formed? 


C PROTEINS 

(o) Gastric Protease (Pepsin) and Pancreatic Protease 
(Trypsin) Place a small piece of the white of a hard boded egg m 
three separate test tubes 

1 To the first add 10 ml of artificial gastnc juice 

2 To the second add 10 ml of artificial pancreatic juice 

3 To the third add 10 ml of water as a control 

Label the tubes and keep at 37’ C for several hours Examine 
at the end of several hours for indications of digestion 

What digests proteins’ 


Filter the hquids m which digestion appeared to take place and 
make the biuret test on each filtrate Result’ 


Pancreatic juice contains three ferments 

1 Trypsm, which changes albumm or proteins to peptones 

2 Amylopsin, which changes starch to glucose 

3 Steapsin, which emulsifies and bydrohzes fats or oils 

Why m all digestion expenments should the temperature of the 
test tube not vary widely from 37’ C ’ 
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EXERCISE 33~CHAPTER XVIII 
MEDIUM FOR ENZYME ACTION 


Section Date Name 

Materials Stank, paste (1 percent), 0 4 per cent HCl, 0 5 percentNa2C03, 
neutral pepsin solution (2 per cent), neutral pancreatin (I per cent), hard boiled 
egg ivhite, 1 per cent CuS04, dilute iodine solution 


(a) Salivary Amylase Place 2 ml of starch paste (1 per cent) 
and five drops of saliva in each of three test tubes. 

1. To teat tube 1 add 2 ml. HCl (0.4 per cent). 

2. To test tube 2 add 2 ml NajCOs (0 5 per cent). 

3 To test tube 3 add 2 ml. H 2 O (control tube). 

Label, mix by agitating the contents of eadi tube, and keep at 
37“ C. in a beaker of water. Test a drop of each tube frequently 
with a drop of iodine until certain of the best medium for salivary 

digestion Result? 


Kotb The nine teet tubee need m this and the nert two tests may be convemenUy 
placed in s beaker for locubatioa. If pressed for tizoe, or for space m tbe incubator, a 
poop of stadenla, with the consent rd the umtanctor, may wo^ tosetber 

(6) Pepsin: Place uniform sized pieces of the white of hard> 
boiled egg and 2 ml of neutral pepsm solution (1 per cent) m 
each of the three test tubes. 

1. To test tube 1 add 2 ml. HCl (0 4 per cent). 

2 To test tube 2 add 2 ml. NasCO^ (0 5 per cent). 

3 To lube 3 add 2 ml HjO (control tube). 

Keep at 37“ C. for several hours. Compare the appearance of the 
tubes, and then make the biuret test in each tube. What is the best 

medium for pepsin digestion of protein? 

(c) Pancreatic Proteolysis, Place a uniform sized particle of 
the white of a hard-boiled egg m 2 ml of neutral pancreatm (1 
per cent) in each of three test tubes 

4 To test tube 4 add 2 ml HCl (0 4 per cent). 

5 To test tube 5 add 2 ml NasCOa (0.5 per cent). 

6. To test tube 6 add 2 ml. H 2 O (control tube). 
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Label and keep at 37® C and examine at the end of one hour 
Compare and make the biuret test in each tube Results and con 

elusions’ 


(d) Pancreatic Amylolysts Place 2 ml of starch paste (1 
per cent) and 2 ml of neutral pancreatm (1 per cent) m each of 
three test tubes 

7 To test tube 7 add 2 ml HCl (0 4 per cent) 

8 To test tube 8 add 2 ml NajCOj (0 5 per cent) 

9 To test tube 9 add 2 ml HjO (control tube) 

Label and keep at 37® C for one hour Follow the digestion with 
the lodme test What is the most favorable condition for the action 

of amylopsm? 

What are your conclusions regardmg the optimum reaction of 
the following enzymes 

Ptydin 


Pepsin 


Trypsin (pancreatic protease) 


Amylopsm (pancreatic amylase) 
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EXERCISE 34-CHAPTER XVIII 
TESTS FOR NUTRIENTS IN FOODS 

Section Date Name 

Materiai^ Iodine soZution, Benedict's solution, 1 per cent copper sulfate 
solution, grape sugar soluaon, ether, starch, flour, potatoes, butter, green and noe 
bananas, carrots, onions, cheese, peanut biUter, cooked egg white, cooked egg 
yolk, other foods as time permits 


(а) Stakch; Boil a few grains (not grams) of starch in a test 
tube half full of water. Cool by holding it under running cold water, 
and then add one drop of iodine solution. A deep blue color indi> 
cates starch. Test in a similar way the food samples. The egg 
should be hard boiled before testing. 

(б) Glucose; Add a few drops of grape sugar solution to half a 
test tube of water, and then Benedict's solution sufiSoent to give 
a very light blue. Boil. A yellow to red precipitate indicates the 
presence of a simple sugar such as glucose or fructose. What disac* 

cbarides show reducing properties? 

Test the food samples for sugar by boiling small pieces of each in 
water colored blue with Benedict’s solution. 

(c) Fats: Meats and butter furnish most of the fats which serve 
as food. To examine foods for oil or fat, shake carefully a small 
portion of the food with half a test tube of ether. Filter into an 
evaporating dish and allow the filtrate to evaporate without beating. 
The residue in the dish when placed on paper, warmed and held to 
the light will be translucent as an mdication of a fat 

(d) Pkoteins Pour a few milliliters of the biuret reagent, pre- 
pared by adding a drop of a 1 per cent CuSO* solution to a few 
milhliters of NaOH solution, upon a small portion of the food 
sample. Allow to stand for a few minutes A pink to violet indicates 
protein. 

(e) Mineral Matter; Bum a very small sample of food such as 
cheese on an evaporating dish until all of the black carbon is oxi- 


dized. What is the residue? 





Analyze the different foods on the supply table for starch, glu* 
cose, protein, and fat, and indicate by a positive sign (+•) the 
nutrients found in each food. 


Anolytit of Foods 


Food 

StarcA 

Glucose 

Protein 

Fat 

Banana, ripe 





Banana, green 





Butter 











Carrot 
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EXERCISE 35~CHAI>TER XIX 

TESTS FOR SOME BLOOD CONSTITUENTS 

Section Date Name 

Materials Blood lancet, 0 85 per cent NaCl solution, 10 per cent sodium 
(ungs(a(e saCuiton, 2f3 N • H^SO^ i35 Gm cone. C. P. f{^SO^ diluted to a 
volume of one liter), Fo?in-\Vu Wood sugar reagent {dissolve in 100 ml of HiO 
10 Gm anhydrous sodium carbonate, 1 88 Gm tartaric acid, 1 125 Gm CuSOt * 
5 H 2 O, and dilute to 250 ml ), AgNO^ solution, HtOt solution, freshly prepared 
saturated solution of benzidine in glacial acetic acid, glass slides, coi«r glasses, 
microscope, 1 ml of fresh Ipxdlaled) blood fer each student, cork to fit test tube 
Blood It may be passible to obtain suitaWe oxalated or eitrated blood and also 
blood plasma from a hospital Where only a few drops of blood are needed i< is 
best proiided by the student by pricifeing the tip of a finger with a sterile needle, 
etc Usually beef blood can be obtained from a slaughter house {abattoir) Place 
in a flask 0J2 gm of powdered potassium oxalate for each 100 ml of blood 
Immediately upon obtaining the blood from the animal pour it into the flask, 
stopper securely, and gently swtrl the flask to dissohe the oxalate Also, ani 
veterinarian should be able to obtain a pint or more of blood from the jugular i«in 
of a caw without any injury to (he animal 


(a) Microscopic Appearance: Place one drop of your own 
blood on a glass slide, cover with a cover glass, and examine under 
the rmcroscope. Dilute the drop of blood (or a fresh drop of blood) 
with a few drops of isotonic sodium chloride solution, and again 
examine under the microscope. Draw some of the observed cells. 


(6) Blood Protein Precipitation. Place 1 ml. (15 drops) of 
fresh blood (or oxalated blood) in a test tube, dilute with 7 ml. of 
water, and mix Add 1 ml of 10 per cent sodium tungstate solution 
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and 1 ml. of sulfuric acid that is labeled 2/3 N • H2S0^. Close the 
mouth of the tube with a cork and shake the tube vigorously. At 
the end of about five minutes a bright red to dark brown coagulum 
of the proteins forms. The sodium timgstate-sulfuric acid mixtxire 
forms tungstic acid, which, like tannic and picric acid, acts as an 
alkaloidal reagent. 

What are alkaloidal reagents used for? 


Filter through a wet filter paper into a test tube and save the 
protein-free filtrate for the next two experiments If the filtrate is 
not clear, refilter through the same filter paper. 

(c) Blood Sugar Test. To 2 ml. of the tungstic acid filtrate 
saved from (6) add an equal volume of the Folin-Wu blood sugar 
reagent (a modified Fehhng’s solution). Stand the tube for six 
minutes in a beaker of boUlng water. Cool in running water (with- 
out shaking) for two or three minutes. A greenish-yellow to a 
yellowish-red color indicates that blood sugar has reduced the 
alkaline copper solution to cuprous oxide. 

(d) Blood Chloride Test. To 2 ml. more of the tungstic acid 
filtrate from the Blood Protein Precipitation Test, add a few drops 
of nitric acid (filter if cloudy), and then some silver nitrate solu- 
tion, Result? 


What ion is silver nitrate a test for? 

(e) Testinc for Catalytic Action of Blood. If not familiar 
with the foaming produced by hydrogen peroxide on a bleeding cut, 
place a few drops of blood on a glass plate and add twice its volume 

fifhydrc^fin peroxide. What causes the foaming? 

(f) Blood Tests: Of the several tests for the presence of blood, 
the benzidine test is the most delicate (1:5,000,000) and valuable 
for clinical work, while the bemin test is the most conclusive for 
medicolegal work 

1. Benzidine Test. Dilute one drop of blood with a test tube of 
water. To 2 ml. of a freshly prepared saturated solution of benzidine 
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in glacial acetic acid, add an equal volume of hydrogen peroxide 
solution. Mix well, and add a few drops of the dilute blood solution. 

Result? The intensity of the color 

depends upon the amount of blood present. 

If a blood stain were on cloth would you use hot or cold water ior 
removing the blood? Why? 

2 Hemin Test: Place a very small drop of blood on a glass slide, 
dilute with a drop of water, add a minute crystal of sodium chloride, 
and carefully evaporate to dryness over a small flame. Adjust a 
cover glass, run underneath the glass a drop of glacial acetic 'acid, 
and warm gently imtil gas bubbles are noted. Add one more drop 
of acetic add, allow to cool, and examine under the microscope for 
crystals of hemin (Teichmann*s). Sketch some observed crystals 
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EXERCISE 36-CHAPTER XIX 
CLOTTING AND PROPERTIES OF BLOOD 


Section Date Name 

Materials Test tube containing 5 ml of 24 hour old blood specimen from 
which the serum has separated test tube containing 5 ml of 24 hour old blood 
sample mixed with 0 01 Gm of powdered potassium oxalate {0J2 per cent solution 
of the oxalate in blood) J ml of fbruiated blood for each student ether or ehloro 
form glass sides eaoer glasses microscope concentrated ammonium sulfide solu 
tion marble chips {CaCOi) cork to fit test tube 20% potassium oxalate needle 
or lancet two applicators or tooth ptchs skin disinfectant anti A serum and anti 
B serum 


A CLOniNG OF BLOOD 
{Demonstration and Reference to Text) 

(o) BIiOod Clot akd Serum Observe a test tube that contains 
5 znl of a 24 hour blood specimen 
Wbat name is given to the bght yellow bqmd that has separated 
from the blood clot? 

What IS the name of the enzyme that causes blood to clot? 


Why IS the clotting of blood important? 

Of what IS the blood clot composed^ 

(b) Blood Anti Coagulants Observe a test tube that contains 
0 01 Gm of powdered potassium oxalate dissolved in 5 ml of a 
24 hour old blood specimen What did the oxalate do to the 

calcium ions of the blood? 

(Demonstration ) Carefully add a few drops of a 1 per cent 
solution of calcium cblonde to tbe oxalated blood and allow it to 
stand There should be an excess of calcium ions present but any 

great excess will hinder the clotting Does a clot form’ 

What metalbc ion is necessary for the clotting of blood? 

The normal clottmg of the blood is hastened by the action of 
thromboplastm of the tissues m the presence of calcium 
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Why does the blood not normally coa^ate in the veins? 


(c) Preparation op DEnsRiNATED Blood (Demonstration or 
previously prepared): Defibrinated or “whipped” blood is obtained 
by rapidly stirring freshly drawn blood until the fibrin separates as 
a stringy mass upon the stirring instrument. One ml. of defibrinated 
blood is needed for each student. How does fibrin differ in composi- 
tion irom the blood clot? 


B. PROPERTIES OF HEMOGLOBIN 

( a ) Hemolysis or Laking of Blood: When the hemoglobin of 
the red corpuscles escapes into the surrounding fluid, “hemol 3 r 8 is” 
or the “laking” of blood has taken place To show that hemolytic 
action can be produced arrange three te^t tubes as follows: 

No. 1. 9 ml. of distilled water + 9 drops of defibrinated blood. 

No. 2 2 ml of 0.85 per cent NaCl solution -f 2 drops of defibri* 
nated blood. 

No 3. 2 ml of 0.85 per cent NaCl solution + mixture of two 
drops of defibrinated blood and two drops of ether or chloroform. 

Unchanged corpuscles give a cloudy (colloidal) appearance, while 
transparent solutions show that hemolysin has taken place. Place a 
drop from No 1 tube on a slide, adjust a cover glass, and examine 
under a microscope. Examme a drop froni tubes No. 2 and No. 3 in 
the same way Compare the observed objects with the normal 
erythrocytes and leukocytes (see pp. 444 and 446). In what tube 

do you observe unchanged corpuscles? 

What causes hemolysis? 


How may anesthetics affect the erythrocytes of some patients? 


Sometimes the bile enters the blood stream and indicates a con- 
dition known as jaundice. What effect dces the bile have upon the 


red cells? 
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What prevents hemolysis from taking place in the plasma^ 


(6) Oxyhemoglobin and Hemoglobin (so called Reduced 
Hemoglobin) Divide equally, in three test tubes the 9 ml of 
hemoglobin solution saved in tube No 1 Cover the mouth of one 
tube with a cork and shake it vigorously with the air m the tube 
The bright red color is due to oxyhemoglobin Save this tube for 
comparison 


Set up the carbon dionde generator (Fig 30), and pass CO 2 for 
a few minutes through 3 ml of 
dilute hemoglobin solution con 
tamed m the second test tube 
Cover with a cork the mouth of 
this tube containing the dark 
solution, and shake it thor 
oughJy with the air contained 
mit What color change takes 
place’ 



Rg 30-~^Oj Gen«rotor 


In a few mmutes the red color of the blood changes to a dark color 
owmg to the CO 3 dnving out the oxygen and to some extent 
muting with the hemoglobm 
Blood that is dark m color is poor m but nch in 

In what place m the body is reduced hemoglobin formed’ 


(Oxyhemoglohm may also be reduced by adding one drop of con 
wntrated amm onium sulfide solution and gently warming the 
mixture) 

(c) Carbon Monoxide Hemoglobin Pass natural gas (poison 
ous, contains some CO) slowly through the third portion of dilute 
blood (hemoglobm) for at least ten minutes Carbon monoxide he 
moglobm is a trifle brighter tint (carmine) than oxyhemoglohm in 
strong solution If there is no noticeable difference m color, dilute 
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this tube, and also the oxyhemoglobin tube saved from the previous 
experiment, with equal amounts of water. In very dilute solution 
the carbon monoxide hemoglobin assumes a bluish-red color, while 
the oxyhemoglobin appears yellowish-red. This test is frequently 
used in detecting carbon monoxide poisoning. 

(d) Stabilitt of Carbon Monoxide Hemoglobin (Demon- 
stration): There are other agents besides CO that will reduce 
oxyhemoglobin, such as ammonium sulfide (NH4)2S. Add one drop 
of concentrated to 5 ml. of dilute blood solution. Warm 

very gently, and note the change in color from red to dark, due to 
the formation of reduced hemoglobin. 

Prepare 5 ml of carbon monoxide hemoglobin as in (c), add a 
drop of (NH^lzS, and note there is no change in color as in above. 
What does this show about the union of carbon monoxide with 

hemoglobin? 


Explain how carbon monoxide poisoning gives rise to sufibcation* 


It is for a similar reason that the gases, hydrogen sulfide and 
nitric oxide, are poisonous 

(a) Kalarma’s Test for Carbon Monoxide Hemoglobin; 
This test is not only easy to p«form, but also will detect as little 
as 10 per cent of saturation with carbon monoxide. 

Place about 10 ml. of water in each of two test tubes. To one test 
tube add five drops of the blood suspected of containing carbon 
monoxide, and to the other test tube add five drops of normal blood 
as a control solution. Add five drops of freshly prepared concen- 
trated solution of ammonium sulfide to each test tube, mix gently, 
and then make faintly add with acetic acid. 

Blood containing carbon monoxide hemoglobin gives a rose to 
red color, the depth of color depending upon the concentration. 
The control solution containing the normal blood develops a dirty 
greenish brown color. 
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C. BLOOD GROUPING* 

Label one slide anti A and another anti B. 

Put a tiny droplet of potassium oxalate solution onto each slide. 
After sterilizing both the finger tip (not index finger) and the 
needle or lancet, puncture the sl^ with a firm motion so as to cause 
blood to flow freely. (Suggestion: One student may puncture an- 
other student’s finger). Add several drops of blood to the oxalate 
on each slide, mixing thoroughly with separate applicators or tooth- 
picks, leaving ends of applicators in place on their respective slides. 

Immediately add two drops anti A serum to the oxalated blood 
on the slide labeled anti A and two drops anti B serum to the slide 
labeled anti B, then mix well. Rock the slides gently for about one 
minute, then observe for agglutination. 

Did anti A serum caxise agglutination of your red blood cells? 

Did anti B serum cause agglutination of your red blood cells? 

I therefore conclude that my blood is Group 

(See page 453, 455 for interpretation.) 

Check results with your Instructor. 

*Some workers use a conceatrated eoIuUon of blood in pbynolopc Batioe 
solution for blood xroupiag. 
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EXERCISE 37~CHAPTER XX 
NORMAL URINE 

Section Date Name 

Materials Six ounces of 84-hour sample of urine, Vogd scale, urinom^er, 
centrifuge and tubes, microscope, slides and cover glasses, silver nitrate solution, 
barium chloride solution, acetic acid Magnesia mixture (dissolves 17 5 Gm of 
magnesium sulfate and 35 Gm of cmmonium chloride in 140 ml of distilled 
water, add 70 Gm of cone. and keep in a glass-stoppered bottle). 

Beginning in the morning collect all your unne passed for the next 24 hours. 
After measuring, save six ounces for analysis 


A. PHYSICAL CHARACTERISTICS 

(а) Volume: Using a liter graduate measure, record the volume 

of urine excreted ml High urine excretion is called 

while low excretion is called 

(б) Golob: Compare one-half a test tube of filtered urine with a 

Vogel scale and record the color How does the volume 

excreted affect the color of normal xirine? 

(c) Transparency. Record the appearance (clear, turbid, etc.) 

Turbid urine may be due to bacterial decomposition 
of urea, or to phosphates and urates, which will precipitate in a cold 
or low-acid urine. Permanent turbid unnes are pathological. Phos- 
phates dissolve on acidifying the urine with acetic acid, while urates 
become soluble uxwa wanning tbe uraie. Do you have piospiates 

or urates, or both, in your sample? 

(d) Reaction: Record the action of litmus paper as neutral, 
faintly or distinctly acid, or alkaline 

(e) Specific Gravtit: Fill the unnometer cylinder three- 
quarters full with urine, remove any froth with a piece of filter 
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paper, introduce the urinometer slowly with a slight spin, allow it 
to come to rest free from the cylinder, and read the scale at the 

lowest part of the meniscus. Record the reading 
Normal urine varies from 1.015 to 1,024 at 25* C. 

Instruction: Binse the urinometer with water, and return it and 
the cylinder to the instructor. 

(f) Totai. Souds; Multiply the second and third figures of the 
decimal portion of the specific gravity by 2.6 to get the approximate 
amount of solids in 1000 ml. Calculate the total solids in your 
24-hour collection. 


1000 = 

(Daelmal) (24 hr votwiM) * (Total lelidt) 

Total soh'ds usually vary from 40 to 60 Gm, 

(g) Microscopic Examination OF Sediment (Optional); Pour 
15 ml of urine containing sediment into a centrifuge tube, and cen- 
trifuge at a moderate rate of speed for about three minutes. Drain 
off the liquid, transfer some of the sediment to a microscopic elide, 
add a drop of urine, cover with a cover glass, reduce the light to a 
minimum and examine under the low-power microscope. 

Urinary sediments are classified as organized (formed elements) 
and imorganized (crystalline and amorphous) sediments, of which 
the organized are of the greatest clinical importance. To this latter 
group belong the red corpuscles, leukocytes, mucous threads, 
epithelium, spermatozoa, cyUndroids, casts and pus. Examination 
of urinary sediment is frequently made with the primary object of 
determining the presence or absence of casts. 

It is important that you become familiar with a normal urine be- 
fore attempting a microscopic examination of pathological urine. 

B. TESTS FOR INORGANIC SALTS (OPTIONAL) 

Before carrying out chemical tests, filter the urine until clear, 
and if albumin is present remove it by adding a few drops of nitric 
acid, boiling, cooling, and filtering. 

(a) Chlorides: Acidify 10 ml. of urine with nitric acid, and add 
a drop of silver nitrate solution. Result? 
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(b) Sulfates; Acidify 10 ml of urine with acetic add, and add a 
drop of barium chloride solution Result? 

(c) Phosphates. Make 10 ml of tunne alkaline with ammonium 
hydroxide, and warm. Result? 

The earthy phosphates or phosphates of calcium and magnesiiun 
separate. Filter off the earthy phosphates and add a small amount 
of magnesia nuxture to the filtrate Warm the solution. Result? 


The alkaline phosphates or the phosphates of sodium and potas- 
sium separate. Which form of phosphates is present in the larger 

amount? 
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EXERCISE 38— CHAPTER XX 
PATHOLOGICAL URINE 

Section Date . Name 
Materials Robert's reagent (/iw ports of «jfuratet{ magnesjuTn sulfate end 
one part of concentrated nitric aad), dilute acetic acid (3 per cent). Benedict’e 
qualilaUvc and guantitative tolutions, lest lubes (25 x ISO mm ), 2 ml Mohr 
pipettes, sodium cortonote, sodium nttpoprusside. 10 per cent ferric chloride, 
iodine solution (1 250ml alcohol), freshly prepared saturated solution of benzidine 
m glacial acetic acid, Obermayer's solution (1 Gm. of FeCls in 500 ml. HCf), 
hydrogen peroxide, chloroform Coltections of urine known to contain albumin, 
sugar, acetone bodies, bile, and blood 


Note: In order to giro a quantitative eignldcance to a qualitabve test, It is 
suggested that you use the terms "/aint trace (debcate), trace, small, moder- 
ate, large," or "very large amount " It is also suggested that you carry out 
at the same time testa for both normal aad pathological unnea in order to 
see the eontrsists between them, and thereby make your pathological tests 
more certain 

(a) Albumin: The presence of albiunin in the urine more fre- 
quently is assoaated with inflammatory or degenerative changes 
in the kidneys and less frequently with inflammatory changes in 
the tract below the kidneys. Tests for albumin in urines involve 
precipitation reactions, either due to the formation of an insoluble 
compound or the insolubility of the albumin in the reagent em- 
ployed. Clear urines must be used in chemical testa. Clarily by 
filtering through filter paper, or, if necessary, by shaking with 
powdered magnesium oxide and then filtering. 

Coagulation Test: Almost fill a test tube with urine, and heat the 
upper portion to boiling. If the heated portion becomes cloudy the 
turbidity may be due to phosphates. ITie addition of two drops of 
dilute acetic add and warming again will dissolve the phosphates, 
while a more flocculent predpttate will be produced if only al- 
bumin is present. 

Heller^a Test: Place a few ml. of concentrated nitric add in a test 
tube, slant the tube, and very carefully allow an equal amount of 
urine to slowly run down the side of the tube. The urine will float 
on the nitric acid, and a white ring (predpitated protein) will 
appear at the junction of the two liquids. Sometimes the white 
zone does not appear until allowed to stand for a few minutes. 
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Roberts' Test Using Roberts’ reagent instead of nitnc aad use 
the same procedure as m Hell^a nng test This test is more 
sensitive than the mtnc acid test, but like Heller’s test preapitates 
nucleoprotem and muan If a clear, white nng is not obtamed at 
the contact zone, take another sample and nm the “heat test ” 
A cloudiness indicates albumm 

(b) SuGAK Small amounts (0 02 to 0 2 per cent) of reduang 
sugars may be present m normal unne, the nature of which is not 
understood The presence of sugar in abnormally large amounts m 
the unne, called glycosuna, more frequently is the result of hyper- 
glycemia (increased blood sugar), and less frequently the result of 
a low sugar threshold, called renal diabetes 

Benedict's Test To 5 ml of Benedict’s quabtative solution m a 
test tube add not more than eight drops of unne, and, while agi 
tating the tube, boil from one to two minutes Allow to cool 
spontaneously The formation of a green, ohve green, yellow, or red 
precipitate mdicates the amount of sugar present, the amount 
bemg designated as plus 1 (H% sugar), plus 2 (^%), plus 3 (1%), 
and plus 4 (2% or more) respectively If the amount of dextrose 
sugar IS under 0 3 per cent the precipitate forms on cooling 

Myei^s Quantitative Determination {Optional) This determina 
tion IS a modifrcation of Benedict’s method and is accurate enough 
for chmcal purposes Pipette* 5 ml of Benedict’s quantitative 
solution mto a large test tube (25 x 150 mm ), and then add 1 to 
2 Gm of sodium carbonate Using a folded piece of paper as a test 
tube holder held in the left hand, heat the solution to a vigorous 
boil, at the same time agitatmg the hquid Using a 2 ml Mohr 
pipette held in the right band, carefiilJy run the unne mto the 
boilmg solution a drop at a time, until a white precipitate begins 
to form Care must be taken at this point in adding the drops more 
Tbe and jaoint as reached when one drqp cJaars up the Jast 
trace of blue color Five ml of Benedict’s solution will reduce 
10 mg of glucose The percent of glucose is found by dividmg 
1 by the number of ml ’s of unne used 

(c) Acetone Bodies The presence of acetone bodies m the 
unne, called acetonuna or ketonuna, is the result of incomplete 
oxidation of fatty acids due to a frulure to “bum” carbohydrates 
Quabtative tests for acetone and acetoacetic acid are suflaaent in 

* If nnfamilm r with t«chiuqae of usug a p(pett« Me Initructor 
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detenniiung the existence of acidosis The Rothera test detects 
both acetone and acetoacetic acid (1 m 20,000), while Gerhardt’s 
test detects only acetoacetic acid (1 in 8000) 

Rothera's Test for Acetone and Acetoacetic Acid Add a small 
crystal of sodium mtropnisside to 5 ml of urme, and shake until dis 
solved Slant the tube, and by means of a glass tube or pipette 
carefully stratify (arrange in layer) about 2 ml of concentrated am 
momum hydroxide upon the urine At the end of five or ten mmutes 
a violet zone will develop at the junction of the two hquids, if 
acetone is present More than a trace of acetone is pathological 

Gerhardt's Test for Acetoacetic Acid {Optional) To 5 ml of urme 
m a test tube, add feme chloride solution (10 per cent), drop by 
drop, until a precipitate forms Filter and add a few more drops 
of feme chloride solution A deep red color mdicates acetoacetic 
acid 

(d) Bile The presence of bile pigments m the urine is the result 
of obstruction to the flow of bile via the bile ducts into the mtestme, 
and may be due to a calculus, catarrhal mflammation, or a growth 
of some kmd Considerable amounts of bile impart a dark yellow 
color to urme, the foam of which upon vigorous shaking has a 
distmct yellow color Vigorously shake 6 ml of urme contained in 
a test tube 

Gmelm's Test Carefully superimpose 5 ml of urme upon an 
equal quantity of “yellow” rutnc acid as m Heller’s nng test for 
albumin Upon standmg for a few mmutes and agitatmg very 
gently, a play of colors — green, blue, violet, red, and yellow will 
be seen in the presence of bihnibin 

Iodine Test Carefully 8upenmp(»e dilute iodine (1 250) upon 
5 ml of urme A green nng indicates bile 

(e) Blood The presence of blood m the unne, called hematuna, 
indicates some lesion m either the kidney or m the urinary tract 
below the kidney When in large amounts blood imparts a reddish 
cast to urme TTie presence of blood is always pathological 

Bemidine Test To a test tube containmg 3 ml of a saturated 
solution of benzidme m glacial acetic acid, add an equal volume of 
hydrogen peroxide (3 per cent), and a few drops of urme A green 
to a deep blue color mdicates the presence of blood 
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(/) Indican in Excess: The presence of indican in the urine 
indicates excessive putrefaction taking place in the intestine as the 
result of bacterial action. 

Obermayefs Test: To one-fourth of a test tube of urine add an 
equal volume of Obermayer’s solution. Add 2 ml. of chloroform and 
mix by shaking. Upon standing the indican is changed to indigo, 
which dissolves and imparts a more than faint blue color to the 
chloroform. There is sufficient indican in normal urine to give a 
faint blue color to the chloroform in the presence of Obermayer’s 
reagent. 

(g) Microscopic Study (Optionai.): If time permits, examine 
microscopically the sediment obtained from pathological urines. 
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EXERCISE 39— CHAPTER XXI 
BASAL METABOLISM TEST 

Section . Date Name 

Material* The Benedict Roth Metabolism Appaivtus 


As a laboratory esperiment it is suggested that the class be given 
an opportunity of witnessing a basal metabolism test, and to study 
some of the charts made. 

Note: The following naterial is largely oblalned from Directions for Operat- 
ing the Benedict-Roth Metabolism ^ppornius, furnished by Warren E Collins, 
Inc. 

A. PRELIMINARIES TO THE METABOLISM TEST 

(а) iNSTKUCTfONSFORTfiElNSTRUCTon; Several days in advance 
of the experiment select one student of the group of students as 
the subject of the test. Measure the height of the student in 
centimeters, and obtain the weight of student (without clothing) 
in kilograms. 

(б) Instructions for the Patient: On the ei'entng before the 
test eat lightly, and retire early (by 10 p.m ) to get plenty of rest 
Smce digestion and absorption of (bod increase the rate of metab* 
olism a basal metabolism can be determined only after about 14 
hours of fasting 

On the morning of the test avoid bath, dress slowly, do with as little 
muscular movement as possible, don’t eat any breakfast or drink 
any liqiud except water, avoid smoking, get to the place of testing 
with as little exertion as possible, and recline at least 20 minutes 
before starting the experiment. Hie metabolism rate will be ele- 
vated unless there is complete muscular and mental repose previous 
to the testing. 

B. EXPLANATION OF THE APPARATUS 

The apparatiw (Fig. 31) for measuring metabolism consists of a 
spirometer for holding pure oxygen with accompanying valves and 
tubes to allow rebreathing. Hie spirometer or oxygen beU is filled 
with oxygen, and the patient is connected to the metabolism tester 
by a mouthpiece. A nose clip is attached to the patient’s nose and 
oxygen is inhaled from the spirometer through an intake valve 
(Fig. 32), and is exhaled through an expiratory valve back to the 
spirometer. 
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Iq the passage back to 
the spirometer the ex 
pired gas passes through 
an inside container filled 
^tb soda hme (NaaO, 
CaO) which absorbs the 
CO 2 exhaled by the pa 
tjent (Fig 33) The fall 
of the spirometer mdi 
cates the oxygen con 
somed The gradual de 
crease in the volume of 
oxygen m the spirometer 
and the respirations are 
graphically recorded by 
a vmtmg arm of the spi 
rometer. which makes 
pen tracings over a chart 
fastened to a revolving drum (Fig 34) The continuous senes of 
upstrokes and downstrokes represent exhalations and inhalations 
respectively 



r® 32— Mouffipl«e— Noje CBp — ^Vo1v« 



DIRECTION OF RESPIRATIONS Hg 34— Pen ond Counterweight 

Fig 33 — Cro» Section View Showing 
Direction of Retpl otloni 
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C. MAKING THE METABOLISM TEST 

Prepare the apparatus by putting on a chart, sterilize a rubber 
mouthpiece and fill the pen with ink. Have the patient recline on a 
couch in a comfortable position. Apply the nose clip well down on 
the nostrils and adjust the thumbscrew firmly. Have the patient 
test the airtightnesa of the nose clip by attempting to exhale through 
the nose. Connect the mouthpiece and allow the patient to breathe 
room air through the slot in the free breathing valves for about one 
or two minutes. While allowing the patient to become acoistomed 
to breathing through the mouthpiece fill the spirometer bell with 
oxygen, record the thermometer and the barometer reading. By 
means of the valve 
handle connect the pa- 
tient to the breathing 
circm’t of the machine, 

Fromnowon,thespirom- 
eter will move up and 
down with each exhala- 
tion and inhalation, and 
the pen similarly. Set 
the clock in motion by 
movingits starting lever. 

Allow the test to run 
about eight minutes, and 
repeat after a few mmutes’ rest with a second period to check the 
first test. Remove the chart, select the b^t consecutive six-minute 
section of each record, draw a line through the bottom peaks (Fig. 
35), The slope of this line indicates the rate of oxygen consumption 
(in terms of calories per hour) which is easily read from the six 
one-minute lines which it intersects. Where the time line selected 
as the beginning of the test crosses the slope line, take a reading. 
Count six-minute lines to the left and take a second reading. Sub- 
tract the smaller from the larger and the difference is the patient's 
actual oxygen consumption (Fig. 36) 

D. CALCULATIONS 

(a) Determination of Normal Consimption of Oxygen: 
Using a ruler, draw a line between the patient’s height foimd in 
Column I and the weight in Column II. Read the Body Surface 
Area where the line intersects Column III. (This all refers to Table 
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A ) Transfer this body svirface figure opposite “Column III” in 
the space for computations Refer to Table B and using the 
patient’s age (nearest birthday) and sex read the calones per square 
meter per hour (Table B), iS^nsfia* the figure beside “Table B“ 



TABLE B-CALORIES PER SQUARE METER PER HOUR 


Age 

SlaUt 

Females 

Age 

Mates 

Females 

|n 

(53 0) 

(616) 

20-24 

410 

36 9 


52 7 

50 7 

25-29 

40 3 

36 6 


52 0 

49 3 





812 

481 

30-34 

39 8 

36 2 

■■ 

504 

46 9 

35-39 

39 2 

35 8 

fo 

49 5 

45 8 

40-44 

38 3 

35 3 

11 

4S6 

44 6 

45-49 

378 

35.0 

12 

47 8 

43 4 




13 

471 

42 0 

60-54 

37 2 

34 5 

14 

46 2 

41 0 

55-59 

36 6 

34 1 

15 

45 3 

39 6 

60-64 

360 

33 8 

16 

44 7 

3a5 

65-69 

353 

33 4 

17 

43 7 

37 4 




18 

42 9 

37 3 

70-74 

memm 

{32 8) 

19 

421 

372 

75-79 

H|!1H 

(32-3) 


m space for computations Multiply III x B which will give the 
total Normal Calories Per Hour — ihe exact normal oxygen con- 
sumption for a person of this height, weight, age, and sex 
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(b) Determination of Actual Consumption of Oxygen 
IVansfer the diSerence m heights of the six minute test period to 
the space provided for it opposite O2 line Record the temperature 
of the spirometer and barometric pressure Using the Table C 
TABLE C-CORRECTION FOR TEMPERATURE AND PRESSURE 

T(mp«ntur* ta defrcM Ccotifr«d« 

mm IS 18 17 18 19 20 21 22 23 24 2S 28 27 2S 29 SO 31 32 S3 34 SS 

600 738 732 728 725 721 716 715 712 708 704 701 697 693 689 885 

605 742 739 736 731 727 724 721 718 714 710 707 700 899 895 691 

610 748 745 741 737 733 730 727 724 720 716 713 709 TOo 701 697 

616 754 751 747 744 740 737 734 730 726 722 719 715 711 707 703 

620 760 767 753 750 746 743 740 737 733 729 725 721 717 713 709 

625 767 764 760 756 752 749 746 743 739 735 731 727 723 719 716 

630 773 770 766 762 758 755 752 749 745 741 737 733 729 725 721 

635 779 776 772 768 764 761 758 755 751 747 743 939 735 731 727 

640 785 782 778 774 770 767 764 761 7S7 753 749 745 741 737 733 

645 792 788 784 781 777 773 770 767 763 759 755 761 747 743 739 

650 798 794 791 787 784 780 777 773 769 765 761 757 752 748 744 740 736 732 727 723 719 

655 804 800 797 793 790 786 783 779 775 771 767 763 758 754 750 746 742 738 733 729 724 

660 810 808 803 799 796 792 789 785 781 777 773 769 764 760 768 752 748 7*4 739 735 730 

665 816^12 809 905 802 798 795 791 787 783 779 775 770 766 762 758 754 749 745 74l 756 

670 822 819^16 812 809 805 801 797 793 789 785 781 776 772 768 764 760 765 761 746 742 

675 828 825421418 816 611 807 803 799 795 791 767 782 775 774 770 766 761 767 752 748 

680 831 881 827424 821 817 818 809 809 801 797 783 788 784 780 778 771 767 768 788 784 

ess 841 837 833430 627 423 819 815411 807 803 799 794 790 788 782 77T 773 769 764 760 
690 848 844 441 837 833 429 825 821 817 813 809 8l» 800 798 79^ 788 783 779 775 770 785 

895 B54 850 847 843 839 835 831 827 623 819 815 811 808 802 798 794 769 785 780 778 771 

700 860 498 453 849 445 841 837 833 829425 821 817 812 808 804 400 795 791 788 781 777 

705 866 862 859 855 851 847443 439435 831 827 823418 814410 806 801 796 792 787 783 

710 872 868469 861 857 853 449 845 841 837 833 829424 820 818 413 807 802 798 793 T8S 

715 878 874 871 867 863 859 8S5 851 847 843 839 835 830 826 822 818 813408 804 799 794 

720 885 881 877 873 869 865 861457 853 849 845 841 836432 828 824419 814 810 805 800 

725 891 837 883 673 876 472 867 463 869 855 851 847 842 838 434 430 825 820 816 811 806 
730 897 694 890 836 882 878 874 869 865 861 857453 848 444 440 436 831 826 822 817412 
735 404 900 896 892 8S8 454 860 675 871 867 863 U9 854 850 846 842 837 832 827422 817 
740 910 90S 902 898 894 690 866 881 477 873 469 865 860 856 852 848 843 638 833 828 823 
745 916 912 908 904 900 896 892 867 863 879 875471 866462 857 853 848 844 639 834 829 

750 922 916 914 910 906 902 696 893 889485 481 877 872 868 863 859 454 849 845 840 835 
755 923 924 920 916 912 908 904 899 695 891 887 883418 874 869 46S 860 855 851 846 841 
760 934 930 926 922 918 914 910 905 901 897 893 889 484 880 676 871 866 861 857 852 847 
765 941 936 932 925 924 920 916 911 907 903 499 895490 886 881 677 872 867463 857 852 
770 947 943 939 935 930 926 922 917 913 909 905 901496 892 887 483 878 873469 863458 
775 954 949 945 941 936 932428 923 919 915 911907 902 898 893 889 834 879 875 469 664 
780 960 956 952 948 943 939 935 930 926 921 917 913 908 904 899 495 890 885 880 875 870 


draw a circle around the temperature and the barometer readings 
and at the mtersection of these two columns you will find the cor 
rection factor 'IVansfer this figure opposite “Table C ' m space 
provided for computations Multiply Uie difference m height for 
the SIX mmute test period (from kymograph tracing) by O Ime by 
Table C which will give the total actual Test Calonea Per Hour 


681 677 673 669 665 661 
687 683 679 675 671 667 
693 689 665 680 676 672 
699 695 691 636 682 676 
70S 7D1 696 692 688 684 
711 707 702 698 694 690 
717 713 708 704 700 698 
723 719 714 710 708 702 
729 725 720 716 711 707 
735 731 726 722 717 713 




Laboralory Chemisiry 


763 


(c) Determination of Basal Metabolic Rate: To find the 
relation of the Normal Calories Per Hour to the Actual Test 
Calories Per Hour m terms of per cent subtract the smaller fhsm the 
larger, and divide the difference by the normal, and multiply by 100 
This IS the Basal Metahohc Rate m per cent. If the Actual teat is 
greater than the Normal the result is plus, and if less the result 
is minus 

DATA AND COMPUTATIONS 


Sample { Patient 


Name 

Date 

Name 

Date 

Age 49 Yra 4 Mo 

Height 5' 4" 

Age 

y» Mo Height 

Wt 108 lbs 


Wt 

Temperature 

Barometer 

Temp 

Bar Press 


Normal Actual Test } Normal Actual Test 


Column III *1 SO 

Table B - 35 

IIIXB »52 5 

66 75 - 52 5 

0] hue 74 

Table C • 0 902 

Oj X C • 66 748 

Column in "> 

Table B - 

III X B - 

Oa hne - 

Table C « 

Oa XC - 

52 5 ' 



Pulse 

72-70 

Pulse 


Body Temperature 

98 0 

Body Temperature 


Blood Pressure 

110-80 

Blood Pressure 



Does the calculated basal metabolism of the subject fall withm 

10 per cent of the theoretical’ Suggest reasons why 

the percentage deviation of the basal metabolism as earned out is 
likely not to be a true record of the basal metabohsm 
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E, SPECIFIC DYNAMIC ACTION OF PROTEIN 
As an interesting sequel to the determination of the basal 
metabob'sm the following experiment can be performed. 

Feed the same pseudo'patient 250 Gm. of fried chopped meat, 
and at the end of one hour's rest repeat the metabolic determination. 


Temperature 
Bar. Frese- 
Ot line 
Table C 
O, X C 
B.M.R. 

Pulee 

Body Temp. 
Blood Press. 


Data 


Computation 


Is there any specific dynamic action produced by proteins? 
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F. CONDITIONS AFFECTING METABOLIC RATE 

The following list gives the most common conditions which 
influence the metabohsm test and show an increased or decreased 
metabohc rate. 


Increased Metabobc Rate in 

1 Hyperthyroidism 

2 Hyperpituitarism, Acromegaly, 

Gigantism 

3 lieukeznia Lymphatic and 

Myelogenous 

4 Anemia, when severe 

5 Malignancy, m about 30 per 

cent of cases 

6 Hodgkin's Disease 

7 Diabetes, when moderate 

8 Acidosn, when severe 

9 Arterul Hypertension 

10 Fever 7 per cent marease for 

each *F of rise of body 
temperature (OuBots) 

11 Convalescence from wasting 

diseases, and rapid growth 


Decreased Metabolic Rate in 

1 Post-Thyroidectomy 

2 Myxedema 

3 Cretinism 

4 Thyrogenous Obesity 

5 Hypopituitarism 

6 Hypophyseal Obesity 

7 Hypoadrenalism 

6 Addison's Disease m about 15 
per cent of cases 
9 Undemutntjon, Starvation 
10 Epilepsy 
11. Artemi Hypotension 
12 Nephrosis 


G. SOME TYPES OF RESPIRATIONS 
Determinations of the Metabobc Rate show the character of 
respirations The following spirograms show types associated with 
some common disorders 


Fig 37 — Normal. 


Rg 38~To*lc Goiter Rg 39 — Cardiac Difficulty 
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EXERCISE 40-~CHAPTER XXIll 
MILK 

Section Date Name 

MATERiAia Hydrometer (lactometer or unnomeler), whole and slimmed 
milk, copper sulfate solution (1 per cent), 10 per cent acetic acid, 95 per cent 
alcohol, ether, junket tablets, Benedict's solution, ammonium molybdate solution, 
sodium alcokolate (10 per cent o/coWic solution of sodium hydroxide), ammo- 
nium oxalate solution 


A. GENERAL CONSIDERATIONS 

1. Reaction: Test the reaction of fresh whole milk with red and 
blue litmus paper. Is it aad, basic or neutral? 

2. Specific Gravity: The spedfic gravity of normal cow’s milk 
should not be lower than 1 029 at 60* F., if legal. Using a hydrom' 
eter take the specific gravity of both whole and sknnmed milk. 

The sp gr. of whole milk is , of skimmed milk is 

The difference Is due to 

How could skimmed milk be cheaply changed so as to have the 
same sp. gr. as whole milk? 


3 Film Formation: Pour a test tube of whole tnilk into an 
evaporating dbh and beat until a scum forms on top of the milk 
Recalling the action of white of an egg in very hot or boiling water, 

what same nutrient in milk is shown by coagulation‘s 


Remove some of the scum with a stirring rod and place in a test 
tube Make the biuret test by adding 5 ml of 10 per cent sodium 
hydroxide solution, and then carefully add a few drops of very 
dilute copper sulfate solution down the side of the mcllned tube 

The result indicates the presence of 
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B. SEPARATION OF CONSTITUENTS 

1. Casein and Fat Separation: To a mixture of 50 ml. of whole 
milk and 50 ml. of water in a beaker, slowly add 10 per cent acetic 
acid, drop hy drop, with constant stirring, imtU a flocky precipitate 
(casein and fat) separates and leav^ a clear solution upon standing. 
Too much acid prevents the separation. What acid ordinarily 

sours and curdles milk? 

What home nutrient is made from curd formed when milk sours? 


Allow the curd to settle, filter, and save the whey (filtrate con- 
taining lactalbumin, mineral salts, and lactose) for 2. 

(а) Casern; Remove the curd from the wet filter pai)er and press 
it as dry as possible between several thicknesses of dry toweling 
paper (or filter paper). Make the biuret test on a sm^ portion. 

Result shows the presence of Transfer the remaining 

curd to a test tube, cover with one-half a test tube of 95 per cent 
alcohol to remove adhering water. Shake it thoroughly and then 
discard the alcohol. 

(б) Fat: Cover the curd again but this time with one-half a test 
tube of ether. Turn out all gas flames near ether as the wzpors ignite 
very readily. With a glass rod stir the ether-casein-fat mixture for a 
minute or more. Pour the ether, or filter the ether extract into an 
evaporating dish. Allow the ether to evaporate spontaneously. 
Blowing upon the ether will hasten the evaporation. When no 
more ether will evaporate, make a spot with a drop of the residue 
on paper, hold up to the light and observe the translucent, greasy 
appearance of the fat. Dissolve the remaining fatty residue in 
5 mi. of ether. Add 2 nd. of sofdrcim alcohoiate, caretuity evaporate 
the ether, and then add 5 ml. of water. Pour into a test tube, add 
a piece of litmus paper, and then add H 2 S 04 , drop by drop, imtil 
acid. Note the odor of volatile fatty acids. The odor is mostly 

due to acid. 

(c) Rennin Precipitation of Casein; As stated elsewhere, casein 
may also be precipitated by rennin. Fill a test tube about three- 
fourths full of whole milk and warm it to a little above body tem- 
perature by placing in a beaker of warm water (40 to 45® C.l. 
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Dissolve a small amount, about one-tenth of a junket tablet, in 
1 ml. of cold water, add it to the warm milk and allow to stand 

quietly for several minutes. Result? . 

Commercial casein made in this way and treated with the proper 
bacteria is used to make what nutrient? 

2. Lactalbumin: Place the whey (acetic acid filtrate saved from 
i) in an evaporating dish and boU for at least a minute. Lactal- 
bumin not precipitated by acetic acid will now be rendered in- 
soluble. Filter and save the filtrate for the lactose and phosphate 
experiment. Of the two proteins in milk, lactalbumin differs firom 

casein by being coagulated by and not by dilute 

acids. Make the biuret teat on the precipitated lactalbumin. 

Result? 


3. Lactose; To one-half of the filtrate saved after the removal 

of albumin add 1 to 5 ml. of Benedict’s solution and boil. The 
solution must be alkaline to Utmm A yellowish precipitate indi- 
cates the presence of lactose, and shows it has properties. 

4. Phosphate- To the remaining half of the filtrate saved from 
the former test add about one-tenth of its volume of nitric acid. 
If a precipitate forms it is uncoagulated alb umin and must be re- 
moved by filtration. Now add ammonium molybdate solution, 

warm, and allow to stand TTie color of the precipitate is 

and indicates the presence of a , which oc- 

curs as a salt of calcium in milk. 

5. Calcium (Optional): Carefully evaporate 10 ml. of milk 
almost to dryness in an evaporating dish. Remove the wire gauze, 
add 2 ml. HNO 3 , and heat directly with the flame until all the 
charred carbon baa been oxidized to a white ash. To remove the 
last traces of unchanged carbon, hold the burner in your hand and 
direct the flame on the inside of the dish. Add H test tube of dis- 
tilled water. Is the ash (inorganic) entirely soluble? 

Add about ten drops of HCl, beat to boiling, and filter into a teat 
tube. Using a piece of litmus paper as an indicator make the filtrate 
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]ust basic with NH 4 OH, and then just acid with acetic acid. To 
this solution add about 5 ml. of ammonium oxalate solution. 

Calcium is slowly precipitated. Allow the test tube to 

stand undisturbed for 15 minutes, and then notice the amoimt of 
white precipitate. From your observation would you conclude that 

the amount of calcium in milk fa high or low? 

In what foods fa calcium conspicuously absent? 


A calcium deficiency in the diet results in poor development of 


LABORATORY APPENDIX 


I. Chemicals Required 

II. Desirable Apparofus and Supplies 

III. General Rules for Solubility 

IV. Solubility Table 


V. First Aid 
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I. CHEMICALS REQUIRED FOR A MINIMUM OF 
FIFTY STUDENTS 

(It ts ecoDOQucal to buy in large quantities because the relative price of larger 
quantities is much less than waen purchased in small quantities ) 

Quantity Deacriptioa 

I lb Acid, Acetic, 99 S per cent, glacial C P 

8 oz Acid, Butyric, 98 per cent, C P 

12 lb Aad, Hydrochloric, sp gr 1 19, in 6 lb bottles, C P 
1 liter Acid, Hydrochloric, N/IO 
14 lb Acid, Nitnc, ap gr 1 42, in 7 lb bottles, C P 
loz Acid, Oleic, U S P 

1 lb Aad, Ozabc, C P 

2 oz Aad, Picric, C P 

4 oz Aad, Salicylic, Crystals, C P 
18 Ih Aad, Sulfune, ep gr 1 84, in 9 Ib bottles C P 

4 oz Acid, Tannic, C P 

8 oz Aad, Tartaric, Crystals 

8 oz Albumin, dry egg 

I Ifa Alcohol, Amyl, C P 

1 gal Alcohol, Ethyl 95 per cent, U S P 
1 qt Alcohol, Methyl, C P 

6 viala Alkacid or Nitrszine test papers 
4 oz Aluminum Sulfate C P 
4 oz Ammonium Chloride, C P 

8 lb Ammonium Hydrate, C P ep gr 0 99, m 4-lb bottles 
4 oz Ammonium Molybdate 

4 oz Ammonium Oxalate, C P 

1 lb Ammonium Sulfate, C P 
1 lb Ammomum Tartrate, C P 

1 lb Amyl Acetate, pure 

4 oz Banum Chloride, C P 

1 qt Benedict’s Solution qualitative 

1 pt Benedict’s Solution quantitative 

8 oz Benzidme 

1 lb Calcium Carbonate Chips (marble) 

4 oz Calaum Chloride Anhydrous C P 
4 oz Calcium Hydroxide 

3 lb Calaum Hypochlorite tecbmcal (bleaching powder) 

2 lb Calcium Oxide (quicfclune), lump 

1 oz Calaum Phosphate, pwd. 

4 oz Calaum Sulfate, calcined (plaster of Paris) 

4 oz Camphor, refined 

4 lb Carbon Disulfide, C P , in 1 lb bottles 

3 Ib Carbon TetrachJonde, pore 

4 oz Casern (dry) 

1 lb Charcoal, Wood, ammal 

4 oz Charcoal, Wood, stick, for blow pipe 
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Quantity {Continued) Description (Continued) 


2 lb Chloroform, U S P 

3 oz Coffee 

1 lb Collodion (or cellophane eausaerc skins) 

4 oz Copper Metal, chips or puachmgs 

4 oz Copper Metal Wire, No 14, for making spiral 
4 oz Copper (ic) Chloride, cryst^ C P 
4 oz Copper (ic) Oade, powder, black, ri»rhnTf»n] 

1 oz Copper (ic) Oxide, granular. C P 

2 Ib Copper (ic) Sulfate cryitala, U S P 

4 oz Dextrose, crystals C t» 

2 lb Ether, Ethyl, U S P , m 1 Ib cans 
8 oz Folin Wu Blood Sugar reagent 

3 lb Formaldehyde. 40 per cent solution, C P 

1 qt Gasohne 

4 oz Gelatin, granular 

4 02 Gelatin, Sheet 

4 02 Glycerol, U S P 

6 lb Hydrogen Peroxide. U S P , 3 per cent, m 1 lb bottles 
4 oz Iodine resubhmed. C P 

2 Ib Iron Powder 

4 02 Iron <ie) Chlonde, C P , lumps 

1 Ib Iron (ous) Sulfate, czyatals, pure 

2 oz Iron (oue) Sulfide lump 

4 02 Junket tablets 

1 lb Karo Syrup 

1 lb Lactose (milk sugar), powder. C P 
4 oz Lead Acetate, normal, crystals, C P 
4 oz Litmus, cubes 

8 oz Magnesia Mixture 

I oz Magnesium Metal, nbbon, H >» wide 
1 lb Magnesium Sulfate, crystals (Epsom salt} 

1 lb Manganese Dioxide, C p , powder 
1 oz Mercuric Oxide 

10 gr Mercurochrome, crystals or tablets 

1 lb Mercury (ic) Chlonde, crystals C P 

4 oz Mercury (ic) Nitrate, C P 

4 or Mercury (ous) Nitrate, C P 

8 oz Obermayer’s solution 

2 lb Oil, Cottonseed 

I oz Pancrcatin, pure, powder 

1 oz Pepsin, CT S P , powder 

1 oz Phenolphthalem, pure 

1 oz Phenylhydrazme bydrochlonde 

1 02 Phosphorus, yellow, sticks 

6 ft Platinum Metal, wire. No 24 

2 oz Potassium Bisutfate, crystals, C P 

1 lb Potassium Bitartrate, powder, U S P 
4 oz Potassium Bromide, C P 
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Quantity (Continued) Deecnphon (Continued) 

2 lb Potassium Chlorate, crystals, C P 
4 oz Potassium Chloride, C P 
1 lb Potassium Dicbromate C P 
4 oz Potassium Ferrocyanide, C P 
4 oz Potassium Hydrogen Sulfate 

1 Ib Potassium Hydroxide, eUeka purified 

8 oz Potassium Iodide, crystals, C P 

1 oz Potassium Metal, balls 

2 lb Potassium Nitrate, fine crystals 

4 oz Potassium Oxalate, powder 

4 oz Potassium Permanganate, C P 

4 oz Potassium Phosphate, C P 
I oz Potassium Thiocyanate. C P 
4 oz Qumme 

4 oz Quinine Sulfate 

25 Gm Resorcin, Resubltmed, C P 
8 oz Roberts’ Reagent 

1 lb Saccharose, crystals, C P 

4 oz Silver Nitrate, crystals, U S P,C P 

1 pt Soap Solution 

1 lb Soda Lime, granular, pure 

2 lb Sodium Bicarbonate powder, C P 

1 lb Sodium Borate, powder, C P 

2 lb Sodium Carbonate, anhydrous, C P 
51b Sodium Chloride, pure (table salt) 

6 lb Sodium Hydroxide, sticks C P , in 1 lb bottles 
2 lb Sodium Hyposulfite (“hypo”), cr^taU C P 
2 oz Sodium Metal 

1 oz Sodium Nitropnisside, C P 

4 oz Sodium Phosphate, dibasic, crystals, p , secondary 
1 lb Sodium Phosphate, tribasic 

4 oz Sodium Potassium Tartrate Crystals, C P 
4 oz Sodium Sulfate, crystals, C P 

1 oz Sodium Tungstate 

2 liters Sorensen’s buffer mixture 

2 lb Starch, Com 

1 lb Steel Wool 

1 lb Sugar, Cane C P 

8 oz Sugar, Grape (dextrose) 

2 oz Sugar, Milk. 

2 lb Sulfur, Roll (brimstone), powder 

4 oz Tea 

1 qt Turpentine 

1 lb Zmc Metal, mossy, technical 
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II. DESIRABLE APPARATUS AND SUPPLIES 


In addition to the individual list of apparatus, page 638, for each student, 
the following general apparatus and supplies will be found desurable 


Quantity 


24 

Optional 
24 
1 
24 
1 yd 
11b 
100 
300 


1 spool 

2 
1 
6 

12 


15 ft 
60 ft 
1 
2 
1 


12 

12 

72 

I 

24 
1 yd 
24 
1 

1 spool 

2 


6 

2 

1 baU 
24 

4 

24 

24 


Description 

Balance, inverted beam type, or tnplo scale— triple beam type 

Bit, No 13, H inch diameter 

Bottles, dropping. Hood stopper, 2000 ml 

Bottles, reagent, 8 oz , for ainds and alkalies on laboratory tables 
Candles Cbirthday) 

Centrifuge (small table model) 

Centrifuge tubes 
Cloth, muslin 
Coal, soft 

Corks to fit bottles (6 oz ) 

Corks to fit test tubes. 

Cotton Thread, No 10 
Cylmdet, graduated, 100 ml 
Cylinder, graduated $00 m) 

Fermentation Tube, on foot, small 
(nangular, 6 in 
Forceps, steel, 4 m 
Glass rod, diatn 5 mm 
Glass tubing, diam 6 mm 
Graduate, cylindrical, 1000 mL 
Graduate, cyliodncal, 250 ml 
Graduate, cyhndncal, 500 ml 
Knife, paring 

Lancet, spring clamp, adjustable length 
Magnet bar, length 15 cm 

Magnifiers, reading glasses diam 2}^ in . with handle 

Medicme droppers 

Microscope 

Mohr pipette, 2 ml 

Muslin, bleached 

Needle holder, of brass nickel plated, adjustable screw chuck 
Scissors 

Silk thread, white, heavy 
g,laaaieb 

Splmt Wood, 100 in package. 

Spoors, horn, length 4 in 
Spoons, horn, length 6 in 
Spoons, horn, length 8 in 
Strmg (cotton) 

Test tubes, 5 inch, with sidesrm 
Test tubes (25 t 150 mm ) 

Thermometers, 10* to 110* C 
Unnometer. 
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Quantity (Continued) Description (Continued) 

4 Vogel Scale 

24 Wing tops for burners 

1 skein Wool darning yam white 

111. GENERAL RULES FOR SOLUBILITY 

(а) All sodium, potassium, and ammomum compounds are 
soluble m water 

(б) AH mtrates, chlorates and acetates are soluble m water 

(c) All chlondes are soluble, except those of silver, mercury 
(mercurous), and lead (lead sbghtly soluble) 

(d) AH sulfates are soluble, except those of lead, banum, stron 
tium and calcium (calaum sbghtly soluble) The silver and the 
mercurous sulfates are only moderately soluble 

(e) AH carbonates are insoluble, except those of sodium, potas 
Slum, and ammomum 

(f) AH oxides and hydroxides are insoluble, except those of am- 
momum, sodium, potassium, and banum, calcium hydroxide is 
slightly soluble 
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IV. SOLUBILITY TABLE 


Since no salt is absolutely insoluble, the term “insoluble” is only relative 
(Scott’s Sfandard Methods of Cbcmtcnl Anolysu, D Van Noattand Co ) 
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Abbreviations W, soluble m water. A, soluble m ends wA slightly 
soluble in water, readily soluble is acids wa, difficulty soluble m water and 
in acids, 1, insoluble in water and acids Hie metals are arranged m order of 
their electromotive senes 
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V. FIRST AID 

A first aid cabinet* should be in every laboratory At least the following 
materials should be on hand for the immediate treatment of bums and cuts 

(0) Cotton — pound roll 

(6) Plain sterile gauze — to apply to wounds and bums 

(c) Sterile gauze bandages — 2 inches by 10 yards 

(d) Adhesive tape — ^ inch by 10 yards 

(e) Sodium bicarbonate (baking soda), tannic acid jelly, or picnc acid 
bum emollient. (These substances are used for bums ) 

(/) Saturated bone aad solution — this is about one teaspoonful of boric 
acid to a glass of water 

(g) Tincture of iodine, 3 per cent 

(ft) Aspirm tablets, five grains each (Two tablets may be given for pam 
pending the arrival of the doctor ) 

(1) Aromatic spints of ammonia 

(j) Tourniquet to atop hemorrhage (A length of rubber tubing makes an 
excellent tourmquet A tourniquet should be loosened every few minutes or 
there is danger of causing gangrene ) 

BURNS 

Bums are classified mto three degrees In a first degree bum, associated with 
redness, the skin is never broken in a second degree bum a blister occurs 
while m a third degree bum there is a destruction and involvement of the 
tissues below the bum Never use oil or any greasy substance on badly 
blutered or broken skin, because of the danger of infection, and interfering 
with the treatments hsted below or those of a physician 

On a burned area are formed toxic substances, which upon absorption injure 
the kidneys In severe cases of bums death results, due to uremia Tannic 
acid or picnc acid prevents the absorption by precipitatmg the injured tissues 
and forming a firm coagulum over the surface, and thus prevents the absorp- 
tion of these toxic proteins, and at the same time acta as an antiseptic, as well 
as rehevmg pain by excluding air Dajrs later when the coagulum separates 
it leaves a healed epidermis in superficial bums, and a clean granulating sur 
face m deeper bums 

FramJJeat Drefis wjth either of and bandage 

From Acids Wash thoroughly with water, treat with dilute sodium bicar 
bonate (5 per cent solution) and bandage 

From Alkalies Wash thoroughly with water, treat with (/) and bandage 

In the Eye Wash thoroughly with water, treat with dilute sodium bicar- 
bonate (5 per cent solution) if an acid bum or If) if an alkali bum 

CUTS 

From Glass Wash with water, treat with (g) and bandage 

• First Aid Cabinet prepared by the Pisber Scientifie Co , Pittsburgh, Pa , which 
company has for djstnbutioo an excellent Jjabonitory Emergency Chart. 
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Absorption 

digestive tract, 435 
of carbohydrates, fats, proteins 
435 

of salts, 437 
Acetaldehyde 296, 298 
Acetanilide, 383 
Acetic aad, 152, 308, 310 
Acetoacetic acid 372, 488, 518 
Acetone, 300, 488, 518 
teat for, 753 

Acetone bodies in unne, 372, 518 
Acetonuna, 488 
Acetylene 
properties of, 274 
uses of, 274 

Acetylene senes of hydrocarbons, 271 
Acetylsalicybc aad 318 
Achioodextnn, 345 
Acid(B) 

acetic, 152, 308, 310 
acetoacetic, 372, 488, 618 
acetyls^cylic, 318 
asuno See Amina aciifs 
ammoacetic, 381, 384, 387 
antidote for, 148, 620 
ascorbic Sro Vitamin C 
benzoic, 153 
bile, 429 
binary, 148 
bone, 152 

butyric, 308, 355, 372 
carbobc, 317, 319 
antidote for, 62() 
carbonic, 208 
carboxyiic, 307 
caustic action of, 147 
cevitamic, 591 
chaulmoognc, 355 
choleic, 430 
atne, 153, 311 
classification of, I 43 
comparison of, 155 
defimtion of, 148 
deoxyribonucleic, 402 
dibasic, 311 
dissociation of, 144 
excretion in unnOt 430 


Acid(s) {Continued) 
fatty See Fatty acids 
fermentation of, 322 
Colic, 446 
formic, 154, 310 
glycenc, 368, 508 
hippunc, 189 
hyaluronic, 491 
hydrochlonc, 149 

formation in body, 425 
salts of. 178 
hydroxy, 311 

6 hydroxybutync. 372, 518 
hypocblorous 150 
jmino. 521 

individual differences in, 147 
tnorgaruc, 149 
naming of, 148 
ketomc, 521 

laboratory expenments on, 674 

lactic See Lactic acid 

linoleic, 355 

Imolemc, 355 

melonic, 311 

monobasic fatty, 308 

naming of, 148 

neutrabzation of, by buffers, 185 
racoUtuc, 585 
nitnc, 151 

nucleic, 399, 402, 485 
oJeic, 154, 355 
orgamc, 152, 307 
oxalic, 154, 311, 312 
palmitic, 154, 308, 355 
pantothemc, 567 
phosphotungstic, 391 
picne, 391 
properties of, 146 
pyruvic 508, 509 
reactions of, 144-147 
nbonucleic, 402 
salicybc, 154, 318 
steanc, 154, 308, 355, 518 
strength of, 132 
strong, 132 

strong vs concentrated, 132 
strong vs weak, 132 
ealftinc, 151 
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Mex 


Acids {Continued) 
sulfurous, 162 
tannic, 391 

tartanc, 153, JU, J12 
lartronic, 368 
ternary, 148 
test for, 145, 625, 676 
tnbasic, 311 

tncaiboxylic, cycle of, 509, 610 
unc, 485 
weak, 132 

Acid base balance of blood, 185, 450 
Aad fornung foods, 189 
Acid radicals, 144 
test for, 62S, 676 
Acid salts, 180 
Acidity 
of foods, 189 
of gastnc jcuce, 149 
Aeidopbolus milk, 433, 609 
Acidosis, 371 
in starvation, Sl9 
urinary ammonia and, relation, 483 
Acrolein, 366 
Acromegaly, 563 
ACTH, 401, 555. 666 
Activators, 420 

Activity senea of metals, 145, 215 
Addison’s disease, 553 
Addition products of hydrocarbons, 
270 

Adenoma, thyroid, 648 
Adenosine diphosphate, 50S 
Adenosine tnphosphate, 503, 505 
Adrenal glands, 551 
Adrenal vinlism, 555 
Adrenocorticotropic hormone, 401, 
555, 566 

Adrenotropic hormone, 555 
Adsorption, 112 
Aeration of water, 80 
Aerobic phase of catabolism, 607, 509 
Agar agar, 347 

Age, effect on basal metabolism, 601 
Agglutination, 453 
Air, changes in, laboratory eapen* 
ments in, 700 
Au conditioning, 54 
Alanine, 384 
Albumin, 398, 487 
test for, 894 
Albuminoids, 398 
Albumin una, 437 
Alcohol (s) 

as antiseptics, 294 


Alcohols) (Continued) 
tharactenstic group ot, 284 
claasiRcntion of, 284, 287 
definition of, 284 
denatured, 291 
ethyl, 293 
glycerol, 291 
gram, 293 
m beverages, 293 
laboratory experiments in, 714 
lauryl, 366 
methyl, 291 
naming of, 284 
oxidation of, 287 
physiological effect of, 293 
primary, 287 
properties of, 287 
saturated, reactivity of, 287 
secondary, 287 
table of 284 
tertiary, 287 
toxicity of, 292 
wood, 29l 
Aldehyde(s} 
acrylic, 367 
definition of 296 
laboratory experiments in, 716 
polymerization of, 298 
preparation of, 296 
primary, 287 
properties of, 296 
tests for, 297 
Aldose, 326 

Alimentary glycosuria, 463, 612 
ALphatic senes of hydrocarbons 261 
Alkalifes), 259, 164 
antidote for, 620 
Alkali producing foods, 189 
Alkali salts, 184 
Alkaline reserve of body, 188 
Alkaline tide, 481 
Alkaloidfs) 

antidote for, 193, 620 
table of, 192 
Alkaloid reagents, 193 
Alkaloid salts, 192 
Alkalosis, 464 
Alkanes, 261, 262 
Alkenes, 261, 268 
Alkyl radical 265 
Alkynes, 261, 273 
Allergy, 436 

Allotropic forms of elements, 60, 204 
Alloxan, 545 
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Alloys of metals, 220 
nature of, 219 
properties of, 219 
Alum 

in baking powders, 217 
in fire extinguishers, 52 
Aluminum 

as silver cleaner, 217 
properties of, 217 
uses of, 217 
Aluminum bronze, 220 
Amide, defimtion of, 383 
Amines, 381 

chemical properties of, 382 
medicinal, 3^ 
physical properties of, 382 
Ammo acids, 154, 200, 381, 384 
absorption of, 436 
amphoteric action of, 384 
deamination of, 521 
defimtion of, 384 
essential, 520, 611 
fate of, 621 
functions of, 520 
oxidation of, 338, 521 
properties ot 384 
table of, 385 

Ammo group of proteins. 38], 

Ammo radical, 381 
Ammoacetic aad, 381, 384. 38? 
Ammopeptidase, 422, 429 
Ammorua, 162. 19S 
laboratory expenmenta on, 693 
production m body, 478, 484 
uses of, 200 
Ammonia water, 162 
Ammomacal fermentation in unne, 
478, 484 

Ammonium carbonate, 178 
Ammomum cyanate, 259 
Ammonium hydroxide, 162 
Ammomum radical, 32 
Ammomum salt, 200 
Amphopeptone, 402 
Amyl acetate, 314 
Amyl butyrate, 314 
Amylase, 417 
pancreatic, 417 
sabvary, 417 
Amylopsm, 341, 417, 428 
Anabolism, 495 

Anaerobic phase of catabolism 507, 
508 

Analysis 

definition of, 4 


Analysis (Continued) 
of water, 75 
samtary, 76 
Anasarca, 537 
Androgens, 556 
Androsterone, 557 
Anemia, 461 
pernicious, 446 
copper and, relation, 461 
folic acid and, relation, 446 
iron and, relation, 530 
Anesthetics, 395 
Anhydride, 73 
acid, 6S4 
basic, 654 

Anhydrous, defimtion of, 72 
Aniline, 317, 383 
Animal fats, 351'375 
Animal fibers, 395 
Ammal starch, 342 
Animal tissue as colloids, 114 
Anode. 117 
Anthracite coal, 205 
Antibodies, 453 
sulfa drugs and, 469 
Anticoagulant in blood, 449 
Antidotes 
for acids, 148 
for acid burns, 760 
for alkali bums, 480 
for alkaloids, 193 
for poisons, 620 
Antienzymes, 420 
Antigens, 454 

Anti-infective factor See Vitamin A 
Antiketosis, 519 

Anlineuntic factor See Vitamin B, 
Antipeptone, 400 

Antirachitic factor See Vitamin D 
Antiscorbutic factor See Vitamin C 
Antiseptic soap, 362 
Aniiseptjcs, chart of, 621 
Antithrombm, 446 
Antixerophthalmia vitamin See 
Vitamin A 
Anuna, 477 
Apoenzyme, 418 

Apothecary system equivalents, 625 
Apparatus 

general list of, 776 
laboratory, list of, 638 
Aqua ammoma, 162 
Area of body, relation to basal metab- 
olism 501 
Ai^imne, 623 
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Aromatic hydrocarbons, 261, 275 

Arsphenamone, 383 

Ascorbic acid See Vitamin C 

Ash elements, 526 

Asphalt base, oils with, 280 

Asphyjua, 69 

Aspma, 318, 319 

Atom(8) 

definition of, 21 
electrical constitution of, 24 
structure of, 25, 26 
Atomic bomb, 236 
physiological effects of, 239 
Atomic number, 25 
Atormc theory, 21 
Atomic weight, 22 
Atropine, 192 
Aureomycin, 469 
Avitanunosis, 575 
Avocado, fat content of, 353 
Avogadro's law, 121 


Bactema 

action of, in digestion, 433 
fermentative, 433 
in lecea, 433, 437 
in ttulk, 607 
in unne, 484 

nitrifying and denitrifying, 198 
putrefactive. 433 
Baking powder, 147, 217 
Baking soda, 146 
Banum sulfate, 178 
Basal metabohc rate, 62, 499 

value of, in thyroid conditions, 504 
Basal metabolism, 62, 499 
clinical interpretation of, 499 
definition of, 62, 499 
influence of age on, SOI 
mfluence of disease on, 502 
influence of internal secretions on, 
501 

influence of sex on, 501 
mfluence of surface area on, 501 
influence of weight on, 501 
laboratory experiment in, 756 
normal standards of, 600 
Base(s) 

action of acid with, 168 
action of tissues with, 159 
antidotes for, 169 
definition of, 157 
dissociation of, 157 
laboratory experiment m, 679 
properties of, 157 


Basefs) (Continued) 

reaction with proteins, 393 

strength of, 132 

strong vs concentrated, 160 

test for, 158 

typical, 160 

Base forming foods, 189 
Basic anhydride, 654 
Basic salt, 180, 182 
Becquerel, 225 
Benedict’s test 
for aldehyde, 297, 716 
for sugar, 327, 721 
Benzene 

constitution of, 276 
properties of, uses of, 276 
Benzene senes of hydrocarbons, 261, 
275 

Benzidine test, 742, 754 
Benzoic acid, 153, 318 
Benben. 681 

Beta oxidation theory, 516 
Bicarbonate(s) 
of soda, 16, 178 
in water, 75 

Bichlonde of mercury, 178 
Bile, 430 
acids in, 431 
cholesterol m, 432 
functions of, 431 
in unne, 489 
pigments m, 431 
salts of, 430 
test for, 754 
BQicyamn, 432 
Bilirubin, 431 
Biliverdin 431 
Binary acids, 148 
Biochemistry, 409 617 
Biological chemistry, objectives of, 
411 

Bismuth subcarbonate, 178 
Bismuth submtrate, 178 
Bituminous coal, 205 
Biuret linkage m dijieptides, 387 
Biuret test for proteins, 394 
Bleaching 

by chJonne, 202 
by hydrogen peroxide. 140 
by sulfur dioxide, 152 
Bleedmg, cause of, 448 
Blood 

acetone bodies m, 371 
acid base balance of, 185, 450 
alkaline reserve of, 188 
analysis of, diagnosis and, 459 
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Blood (Continued) 

buffer substances in, 185, 452 
characteristics of, 441 
clotting of, 190, 437 
Howell’s theory of, 448 
collection of, 457 

composition of, 442, 443, 460, 467 
defensive action of, 467 
dextrose in, 337, 461 
erythrocytes m, 442, 444 
extracellular water and, 468 
formed elements m, 442, 444 
functions of, 441, 463, 466 
heat diffusion fay, 466 
hormone transportation by, 466 
hydrogen ion concentration of, 450 
laboratoryexpenmentson, 741, 744 
taking of, 103 

leukocytes in, 442, 444, 446 
lymph and, 468 
neutralization of, 185 
nutnent transportation by, 463 
plasma of, 442, 462 
oxygen transportation by. 463 
platelets in, 444, 447 
preservation of, 457 
proteins m, function of, 462 
Rh factor in, 454 

samples of, collection and preserva« 
tion of, 457 
serum in, 443, 446 
sugar in, 337, 461 
tests for, 453 
tissue oxidation in, 467 
waste products transportation by, 
464 

Blood groups 
testing of, 455 
transfusion and, 453 
Blood plasma, 442, 462 
Blood platelets, 444, 447 
Blood serum, 443, 448 
Blue vitriol, 15 
Body composition, 13 
Boilers, scale in, 83 
Boiling of water, as purification 
method, 77 

Boiling point, effect of dissolved 
substances on, 120 
Bond, high energy, 503, 505 
Bone black, 206 
Boracic acid, 152 
Borax, 84 
Bone acid, 152 
Brass, 219 

British thermal unit, 9 


Bromide, test for, 677 
Bromine, properties of, 202 
Bronsted theory, 133 
Bronxe, 219 
Brucine, 192 
Buffer(3) 

functions of, 170 
of blood, 185, 452 
salts, 165 

Bums, treatment of, 780 
Butter, 352 
Buttermilk, 154, SOS 
Butyl radic^, 265 
Butync acid, 306, 355, 372 
Butyrin, 355 


Calciferol, 593 
Calcium 

blood clotting and, 191 
defiaency of, 629 
m blood. 460 
ID milk, 609 
in water, 75, 84 
test for, 681, 683 
Calaum bicarbonate, 84 
Calcium carbide. 206 
Calaum carbonate, 178 
Calaum hydroxide, 161 
Calaum hypocblonte, 150 
Calaum paracaseioate, 426 
Calcium phosphate in body, 529 
Calaum salts in body, 191 
Calaum sulfate, 178 
Calcuh, unnary, 491 
Calomel, 176 
Calone(s) 

definition of, 9, 496 
food values of, table of, 10 
requirements of, total, 9, 498 
Calorimeter, 9, 497 
Cannel coal, 205 
Caramel, 339 
Carbides, 206 

Carbocychc compounds, 319 
Carbohydrases, 417, 428, 429 
Carbohydrate (s) 

chemical properties of, 327 
classification of, 324, 325 
composition of, 324 
conversion mto fat, 511 
defimtion of, 324 
diet low in, 524 
digestion of, 330 
fenuentation of, 331 
fuel value of, 9 
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Carbohydrate{8) (Conlinupd) 
hydrolysis of, 330 
importance of, 324 
laboratory expenments on, 720 
metabolism of, 503 
muscular activity and, relation. 506 
nutritional requirements of^, 498 
occurrence of, 324 
osazone formation by, 334 
oxidation of, 333, 603 509 
photosynthesis 209 
properties of, table of, 335 
reaction as alcohols, 334 
reduang properties of, 327 
reduction of, 334 
structure of, 325 327 
test for. 327, 329 
tolerance of body to, 512 514 
utilization of, insulin and, 334 
Carbolic aad, 317, 319 
antidote for, 620 
Carbon 

ellotropic forms of, 204 
amorphous, SOS 
atom of, nature of, 258 
black, SOS 

chemical properties of, 206 
natural forms of 204 
Carbon dioxide, 207 
formation of, 207 
frown, 209 

laboratory espenmeats on, 69S 
test for, 161 
uses of, 207 210 

Carbon dioxide-oxygen cycle, 209 
Carbon disulfide, 207 
Carbon monoxide, 210 
dangers of, 210-213 
Carbon tetrachloride, 267, 278 
Carbona, 140 
Carbonates 
acid, 178 

action with acids, 146 
buffer action of, 186 
test for, 677 
Carbomc acid, 146, 208 
Carbonyl group, 299 
Carborundum, 206 
Carboxyl group, 307 
Carboxyl radical, 307 
Carboxylic acids See Fatty acids 
Carboxyisetbylcellulose, 349 
Carboxypeptidase, 422, 428 
Canes 

relation to fiuonne, 203, 531 
relation to vitamin C, 591 


Carotene, 577 
Casern, 109, 607 
Casts in unne, 490 
Catabolism, 495 
Catal'ise, 417 
Catalyst, definition of, 43 
Catheter, nasal, 58 
Cathode, 117 
Cattede ray, 224 
Caustic potash, 157 
Caustic soda, 157, 160 
Cellophane, 348 
Cellulose, 346 
bacterial action on, 433 
ethyl, 349 
uses of, 346 
Cellulose acetate, 347 
Cellulose nitrate, 347 
Cellulose xanthate, 349 
Cevitamic acid, 591 
Cham reaction, 237 
Charcoal, 206 
Cheilosis, 565 
Chemical changes, 3 
causes of, 31 
definition of, 4 
in tissues, 495 

laboratory experiments in, 640 
matter and energy m, 7 
Chemical energy, 7 
measurement of. 8 
Chemical equabons, writing of, 36 
Chemical formulas, 23, 33 
Chemical symbols, 22 
Chemicals, supplies of, 773 
Chemistry 

definition of, 4 
inorganic, 2 
orgamc, 253 

definition of, 253 
objectives, 251 
Chloral, 202, 299 
Chloramines, 78 
Chlondefs) 

In water, 75 
of lime, ISO 
soluble, test for, 676 
Chlonnated lime, 202 
Chlonne, 201 

laboratory experiment in, 695 
purification of water by, 78 
Chloroform, 201, 278 
antidote for, 620 
Chloromycetm, 469 
Chlorosis, 441 
Choke damp, 207 
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Cholecystokimn, 569 
Cholesterol, 373, 515 
in bile, 432 
m blood, 467 
Chobne, 373 

Chonomc gonadotropin, 565 
Chyluna, 478 
Chyme, 426 
Chymotrypsin. 428 
Citrate of magnesia, 153 
Citne acid, 153, 311 
Citric acid cycle in metabolism, 509, 
510 

Citrulbne, 523 
Cloth, cleaning of, 140, 141 
Clothes moth, 141 
Clotting of blood 190, 437 
Howell’s theory of, 448 
Coal 

anthracite, 205 
bituminous, 205 
cannel, 205 

destructive distillation, 206, 257 
laboratory experiment on, 702 
Cobalt 60. 234 
Cocaine, 192 
Codeine, 192 
Cod liver oil, 695 
Coenzyme(s), 420 
Coen^yme A, 611 
Coke. 206, 281 

Collagen group of diseases, cortisone 
in, 554 

Colloid 

definition of, 106 
preparation of, 106 
properties of, 108 
protective, 109 
state, 105 
types of, 107 
Colloidal dispersions, 105 
Colloidal foods 414 
Colon, bacterial digestion jn, 433 
Colostrum, 605 
Combustion 

definition of, 47 
of organic material 262 
spontaneous 49 
Compounds, 13 261 
composition of, 14 
definition of, 13 

laboratory experiments on, 642,704 
uses of, 15, 16 
Condensation, heat of, 70 
Constipation, prevention of, 346 


Conversion factors for weights and 
measures, 624 

Cooking vs digestive processes, 421 
Copper 

jn metabolism, 531 
test for, 681, 682 
Copper sulfate, 15 
Corpus luteum hormone, 559 
Corrosive sublimate, 178 
CortiUosterone, 553 
Cortisone, 653 
Cotton, mercerized, 348 
Covalence, 126, 127 
Cozymase, 333 
Cracking of petroleum, 266 
Cream of tartar, 153, 312 
Creatine, 485 
Creatinine, 485 
Creaaltott ot red cells, 103 
Creso). 318 
Cretinism, 547 
Cnsco, 358 

CrystaUJzation, water of, 72 
Crystalloid, 110 
Crystalloid foods, 414 
Curdling of milk, 109, 426 
Cune, Mane and Pierre, 225 
Cushing’s syndrome, 556, 567 
Cuts, fimt aid treatment of, 779 
Cyanocobalamin, 590 
Cyanosis, 66 

Cycle, carbon dioxide oxygen, 209 
Krebs, 509. 510 

nitrogen, 107 
onnthine, 624 
tricarboxylic, 509, 510 
Cyclic compounds, 274, 316 
Cyclopropane, 274 
Cyclotron, 231 
Cystine, 527 
Cytochrome, 530 

Dakik’s solution, 150, 202 
Dalton’s atomic theory, 21 
19eainination, 433 
oxidative, 521 
Deaminizing enzymes, 417 
Decay, role of oxygen and bactena in, 
44 

Dehydrating agent, l')2 
Dehydrogenases, 608 
Dehydrogenation. 467 
Deliquescent compounds, 72 
Denatured alcohol, 294 
Density of water. 70 
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Dental canes 

relation to fluorine, 203, 531 
relation to vitamin C, 591 
Derivatives 

of hydrocarbons, 277 
typical, 283 

Deoxyribonucleic acid, 402 
Desoxycorticosterone, 554 
Detergents, 365 
Deuteroproteose, 400 
Dextnn, 345 

laboratory experiment in, 720 
Dextrose See Glucose 
Diabetes, renal, 513 
Diabetes mellitus, 513 
aadosia in 371 

carbohydrate tolerance in, 513 
insulin in treatment of, 334 
Diabetogenic hormone, 666 
Diacetic acid, 372, 488, SIS 
Dialysis, 109 €65 
Diamond, 204 
Diastase, 333 
Dibasic acids, 311 
Diet 

diabetic, 371, 519 
food requirements of, 493, 589 
Diethyl ether, 301*303 
Diethylstilbestrol, 659 
DilTusion, 94, 101, 663 
Digestion 
bacterial, 433 
bile in, role of, 430 
chemistry of, 413 
defimtion of, 414 
enzyme in, action of, 414 
gastric See Gastric digestion 
intestinal, 427 

laboratory experiments in, 735 
necessity of, 413 
pancreatic juice in, 428 
salivary, 423 
summary of, 422 
Digestive fluids, 414, 421, 422 
cooking and, 421 
Dihydrotachyalerol 650 
Diiodotyrosine, 546 
Dilute solutions, 97 
Dimethylamine, 382 
Dipeptidase, 429 

Diphosphopyndme nucleotide, 608 
Dis3cchande(s) 
chemistry of, 338 
definition of, 326 
enzyme action on, 429 
structure of, 327 


Disinfectants 
chart of, 623 
definition of, 620 

Disodium hydrogen phosphate, 166 
Displacement senes, 145, 215 
Dissociation 
electrolytic, 124 
of acids, bases, salts, 125 
of water, 163 

Distillation, defimtion of, 76 
destructive, 205, 257 

laboratory experiment in, 655 
fractional, 280 
purification of water by, 76 
Diuretics, 476 
Divinyl ether, 303 
DNA. 402 
Double salts, 162 
Dreft, 365 
Drene, 365 

Dry cleaning, 140, 141 
Dry ice, 209 
Duralium, 220 
Dunron, 220 

Earth 

composition of, 13 
tnfusonal, tarnish removal with, 
216 

Edema, 102, 190, 537 
Efflorescent compounds, 72 
Egg white as antidote, 391 
Electric charge 
on atoms, 24 
on colloids. 111 
Electrocardiograph 119 
Electrodes, 118 
Electrolysis, 128 
definition of, 116 
of copper sulfate, 129 
of water, 43, 129 
Eiectrolyte(s), 118 
chemical activity of. 123 
laboratory experiment on, 667 
Electrolytic dissociation, 123 
Electronfs) 

chemical change and, 29 
definition of, 24 
gain and loss of, 23 
ionization and, 121 
slianng of, 126 
Electron theory, 24 
oxidation and 47 

Electronegative elements, laboratory 
experiment on, 676 
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Electroplating, 130 
Electropositive elements, laboratory 
expenment on, 681 
Electrorefining, 130 
Electrovalence, 125 
Elements 

amphoteric, 3l 
atomic weights of, 22 
definition of. 10, 12, 228 
importance of, 12 
m earth’s crust, 13 
in human body, 13 
laboratory experiment on, 642 
metallic, 12 
tests for, 681 
nonznetalhc, 12 
tests for, 676 
number of, 10 
occurrence of, 10 
physical constants of, 631 
symbols for, 23 
uses of, in body, 12 
valenca of, 28, 30, 258 
Emetine, 192 
Emulsions, 114 
Endoenne glands, 541 
Energy 

changes m, chemical, 8 
metabolism and, 495 
conservation of, law of, 8 
forms of, 7 
in foods, 9 
kinetic, 7 
matter and, 7 
measurement of, 8 
of photosynthesis, 210 
potential, 7 
solar, 8, 209 
states of, 7 
Entenn, 570 
Enterocnnin, 570 
Enterogastrone, 570 
Enterokinase, 428 
Enzymefs) 

as catalysts, 415 
behavior of, 418 
classification of, 416, 417 
coenzymes and, 420 
coagulating, 417 
deaminizing, 417 
defimtion of, 45, 415 
digestive, 416 
effect of pH on, 419 
effect of temperature on, 419 
fermenting, 417 


EnzymeCs) {Continued) 
hydrolytic, 417 
in body, 417 
in gastnc juice, 425 
in intestinai juice, 429 
in pancreatic juice, 428 
m saliva, 424 
inactivation of, 420 
laboratory experiment on, 737 
nature of, 411, 416 
optimum temperature for, 419 
oxidizing, 417 
properties of, 418 
reducing, 417 
speaficity, 416 
table of, 417 
Epilepsy, 372 
Epinephnne, 486, 507, 514 
Epsom salts, 178 
Equation(a) 
definition of, 36 
writing of, practice in, 38 
rules for, 37 
Equivalents, metric and 

apothecaries’, 625 
Ergosterol, 373, 616, 695 
Erythrocytes, 442, 444 
Erythrodeztnn, 424 
Esbach’s test for albumin, 391, 488 
Esterification 313, 316 
Esters, 313-315 

laboratory experiments on, 718 
of fatty acids, 853-355 
preparation of, 313 
properties of, 314 
table of, 313 
uses of, 314 
Estradiol, 559 
Estnol, 559 
Estrogens, 558 
Estrone, 659 
Ethanol, 293 
Ether 

as anesthetic, 302 
constitution of, SOI 
defimtion of, 301 
diethyl, 301 
dmnyl, 303 
mixed, 301 
properties of, 301 
simple, 301 
uses of, 302 
Ethyl acetate, 313, 315 
Ethyl alcohol, 293 
Ethyl butyrate, 314 
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Ethyl cellulose, 349 
Ethyl chlonde, 201, 277, 278 
Ethyl ether, 301 
Ethyl formate, 314 
Ethyl radical, 265 
Ethylene, uses of, 269 
Ethylene senes of hydrocarbons, 268 
Evaporation, loss of heat by, 635 
Exchange resins, purification of water 
by. 87 
Excretion 

function of bile in, 430 
organs of, 464, 474 
products of, 464 
Exercise 

effect of lactic acid on, 509 
effect on metabolism, 499 
Exophthalmic goiter, 203 649 
Exophthalmos, 549 
Eye disease, relation to vitamin A, 
677 

Factors, conversion, for weights 
and measurements, 624 

Fasting 

relation to acetone bodies 486. 519 
relation to metabolism, 516 
F8t(8) 

absorption of, 435 
Bcrolem test for, 366 
as cell constituent, 3S2 370 
as fuel, 369 
as insulator, 369 
as protecting agent, 370 
as reserve fuel, 369 
assimilation of, 371 
behavior in body, 370 
bile and, relation 370, 429 
calonfic value of, 9 
color of, 359 
composition of, 353 
consistency of, 355 
chemical properties of, 360 
decomposition of, 366 
definition of, 354 
diabetes and, relation, 371 
digestion of, 371, 423 
emulsification of, 360 
enzyme action on, 367 
function in body, 3G8, 515 
hydrogenation of, 356 
hydrolysis of, 360 
incomplete oxidation of, 517 
laboratory experiment on, 725 
melting point of, 360 


Fat(s) (Continued) 
metabolism of, 515 
nutntional requirements of, 498 
occurrence of, 352 
oxidation of, 367, 516 
physical properties of 359 
rancidity of, 366 
saponification of, 361 
solubility of, 360 
specific gravity of, 360 
synthesis from carbohydrates, 511 
table of, 355 
test for, 367 
Fatty acids, 307 
acidosis and, 371 
chemistry of, 309 
glycendes of, 353 
ovdution of, 367 
Feces, 437 
Fehling’s test 
for aldehyde, 297 
for sugar, 327 
Female sex cycle, 557 
Fermentation 
acid, 332 
alcoholic, 331 
atnmoniacal, 478, 484 
definition of, 331 
enzymes causing, 417 
intestmal, 433 

laboratory experiments in, 723 
lactic, 331 

Fibnn m blood clotting. 443, 447 
Fibrinogen in blood clottmg, 447 
Filtration of water, 77 
Fire damp, 274 
Fire extinguisher 
carbon dioxide, 51 
carbon tetrachloride, 62, 277 
chemical, 51 
foamite, 52 
pyrene, 52, 277 
Firefs), 50 

Fireproof matenala, 61 
Fust aid, 779 
Fission nuclear, 236, 238 
Fixation of atmospheric mtrogen by 
bacteria, 197 

Flame tests for metals 627 
Fluorescence, 226 

Fluondation of water supplies 203, 
531 

Fluorine, 203 

in metaboliam, 531 
Foamite fire extmguisher, 52 
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Follicle stimulating hormone, 563 
Food(s) 

acid producing, 189 
action of, specific dynamic, 502 
alkali producing, 189 
colloids and crystalloids in, 414 
composition of, 630 
digestion of, 413 
laboratory experiment on, 739 
metabolic changes of, 525 
purpose of, 413 
values of, table of, 10 
waste elimination and, 346 
Formaldehyde, 296, 298 
polymerization of, 298 
Formahn, 298 
Formic acid, 154, 308, 310 
Formula 
definition of, 23 
making of, 33 

structural and graphical, 34 
table of, 24 

wntuig of practice in, 34 
Fraction^ distillation, 280 
Freezing point, effect of dissolved 
substances on 120 
Fnedxnan pregnancy test, 565 
Fructose, 338 
Fuel value of foods, 9 
Fusion, heat of, 70 

Galactose, 338 
Galvanized iron, 218 
Gamma rays, 226 
Gas 

acetylene, 274 
ammonia, 198 
laughmg, 200 
marsh, 274 
tests for, 628 
water, 72 

Gas masks, use of, 213 
Gastnc digestion, 424 
enzymes in, 425 
hydrochloric acid in, 425 
hyperacidity in, effects of, 425 
hypoacidity m, effects of, 425 
Gastric jmce, aadity of, 425 
Gastric lipase, 425, 426 
Gastnc proteinase See Pepsin 
Gastnn, 569 

Gastrointestinal hormones, 569 
Geiger counter, 234 
Gel, 113 


Glands 

endocrine, 541 
gaatnc, 425 
intestinal, 429 
salivary, 424 
sublingual, 423 
submaxillary, 423 
suprarenal, 551 
Glass working, 644 
Glauber’s salt, 689 
Gliadin, 398 
Globin, 398 
Globulins, 398 
Glomeruli, function of, 474 
Glucose 

absorption of, 336, 435 
antiketogenic action of, 519 
conversion to fat, 611 
glycogen and, relation of, 505 
in blood, 337 
m unne, 488 

lactic acid and, relation of, 508, 509 
metabolism of, 503 
oxidation of, 603, 509 
test for, 329 
uses of, 336 
Glutathione, 467 
Glutehns, 398 
Glycenc acid, 367, 508 
Glycenc aldehyde, 867, 608 
Glycerides of fatty aa^, 954, 955 
Glycerin See Glycerol 
Glycerol. 295, 353 
antiketogemc, 519 
oxidation of fats and, 516 
preparation of, 361 
Glyceryl tnmtrate, 295 
Glycine, 381, 384, 387 
Glycogen, 345 
change to lactic acid, 509 
Glycogenase, 330 
Glycogenesia 506 
Glycogenolysis, 606 
Glycolysis, 507, 508 
Glycoprotein, 399 
Glycosuna, 337 

alimentary, 463, 512 
permanent, 488 
renal, 488 
temporary, 488 
Glycylglycine, 387 
Goiter, exophthalmic, 203, 549 
Gold, 218 
Gold curve, 219 
Gonad (a), 555 
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Gonadotropic hormones, 563 
Grain alcohol, 293 
Gram molecular weight 121 
Grape sugar, 336 
Graphic formulas, 34 
Graphite, 205 
Grave’s disease, 549 
Gravity, specific, 70 
Growth, ammo acids for, 520 
Gypsum, 178 

}iAttXlEN(3}, 201 
laboratory experiments on, 695. 
697 

properties of, 201 

Halogen derivatives of hydrocarbons 
277 

Heat 

of condensation, 70 
of fusion 70 
of solidification, 71 
of vaporisation, 70 
specific, 70 
unit of, 8 

Hehuer's aldehyde test, 71? 

Helium oxygen therapy. 61 
Heller’s test, 392 
Hematin, 444 
Hematuria, 4S9 
Hemm test, 453 
Hemoglobia(s}, 401 
buffer action of, 452 
carbon dioxide in, 449 
oxygen in 444 
Hemoglobinuria, 489 
Hemolysis, 103 
Hemophiha, 449 
Heterocyclic compounds, 319 
Hexachlorophene, 362 
High energy bond, 503, 505 
Hippunc acid, 189 
Hirudin, 448 
Histones, 393 
Homogenized milk, 607 
Homologous senes of orgamc 
compounds, 262 
Hopcalite, 213 

Hopkins Cole protein test, 394 
HormoneCs), 541 

of adrenal glands, 551 
of gastrointestinal tract, 569 
of gonads, 555 
of pancreas, 642 
of parathyroid, 549 
of pituitary glands, 660 


Hormonefs) (Continued) 
of thyroid, 545 
transportation m blood, 466 
Household measures, 625 
Howell’s theory of blood clotting, 448 
Humidity, injurious effects of, 54 
Hyaluronic acid, 491 
Hydrates 72 
Hydration, 113, 537 
water of, 72 
Hydrocarbon (s) 
acetylene senes of, 271 
benzene senes of, 275 
classification of, 260 
definition of, 261 
denvative products of, 277 
ethylene series of, 263 
halogen derivatives of, 277 
laboratory experiments in, 70S 
methane senes of, 262 
naming of, 265 
properties of, 266 269, 274 
saturated, 264 

substitution products of, 267 
unsaturated, 268, 271 
Hydrocarbon radicals, 264 
Hydrochlonc acid, 149 
formation of, in body, 425 
salts of, 176 
Hydrogen 
in acids, 144 
content of, vs pH, 168 
displacement by metals, 145 
preparation of, 43, 73, 145 
Hydrogen acceptor 467 
Hydrogen ion concentration, 163 
in digestion, 419 
m disease, 169 

laboratory experiment in, 684 
meaning of, 164 
teat for, 167 
Hydrogenation 
of fats, 356 
of mmeral oils, 358 
Hydrolysis, 182 

definition of 73, 182 
laboratory experiment in 687 
of carbohydrates, 330 
of fats 360 
of proteins, 394 
of salts, 182 

Hydrolytic enzymes, 417 
Hydronium ion, 134 
Hydroxy acad, 311 
fi Hydroxybutync aad, 516 
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Hydroxyl ions in bases, 157 
Hygroscopic, definition of, 72 
Hygroscopic compounds, 73 
Hymolal soap, 365 
Hyperacidity, 150 
Hyperbanc pressure. 67 
Hyperglycemia, 513 
Hyperthyroidism, 203, 549 
Hypertomc solution, 103 
Hypoacidity, 150 
Hypochlonfes, 202 
Hypochloroua acid, 150 
Hypoglycemia, 513 
Hypothyroidism, 203, 546, 547 
Hypotomc solution, 103 
Hypoxia, 65 

Ice 

dry, manufacture of, 209 
manufacture of, 162 
Icterus index, significance of, 460 
Imbibition of water by tissues, 114 
Imino group, 382 
Incubator, infant, 41 
Indicaa in unne, 389, 755 
Indicators, 144, 158, 166 
Infection relation to vitamm A, 577 
Infusorial earth, tanush removal 
with, 216 
InhalatoTB, 58, 60 
Inorganic acids, 149 
naming of, 146 

organic acids and, comparison of, 
155 

Inorgamc compounds, comparison of, 
254 

Inorgamc elements, 526 
Inorganic salts, metabobsm of, 526 
Insulin 

action of, 334, 512, 543 
derivatives of, S44 
effect of, OD Jiatosis, 507 
Insulin shock, 543, 567 
Intestinal absorption of 

carbohydrates, 435 
Intestinal digestion, 427 
Intestinal fermentation, 433 
Intestinal juice, 427 
Intestmal putrefaction, 433 
Invert sugar, 340 
Invertase, 332 
Iodides 

in goiter treatment, 203 
test for, 677 


Iodine 

in metabolism, role of, 531 
laboratory experiment in, 696 
properties of, 202 
Iodoform, 278 
Ion(s) 

atom and, companson of, 125 
definition of, 122 
nonmetalhc, experiment on, 676 
tests for, 13J5 
lomc reactions, 135 
Ionization 

Bronsted theory of, 133 
effect of dilution on, 130 
electromc explanation of, 124 
in body, importance of, 124 
in body fluids, 133 
laboratory experiment on, 667 
of compounds, 122 
of salts, 133 
of water, 163 

reversible reactions of, 125 
testa for, 135 
theory of, 122 
value of, 137 
Iron 

alloys of, 218 
galvamzed, 218 
in metabolism, 190, 630 
in water, 75 
rusting of, 217 
test for, 682 
Isoagglutimns, 453 
Isoamyl acetate, 314 
Isoelectric point, defimtion of, 111 
Isoieuctne, 611 
Isomenc, definition of, 259 
Isopropyl radical, 265 
Isotomcaolution, 102 
Isotopes. 27 

radioactive, production of, 232 

Jaundice, 370, 489 
Javelle water, 202 
Joliot, Irene C , 232 
Juice 

gastnc, 424 
intestinal, 427 
pancreatic, 428 

Keratin, 398 
Kerosene, 280 
I&togemc foods, 519 
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Ketone{s) 
chemistry of, 299 
properties of, 299 300 
Ketone acids, 521 
S Ketomc acid, 617 
Ketonuna, 483 
Ketose, 326 
Ketosis, 372, 519 
Kidneys, function of, 474 
Kindling temperature, 49 
Kinetic energy, 7 

Knoop's bota-oxidation theory, 616 
Krebs’ cycle, 509 510 

Laboratohy apparatus list, 636 
Laboratory appendix, 772 
Lactase, 330, 417 

Lactation, calcium requirement in, 
629 

Lacteals, role of, 435 
Lactic acid, 154, 311, 312, 508, 606 
conversion from glucose, 508 
fermentation of, 331 
formation of 
in muscles 154, 509 
from lactose, 341 
Lactogenic hormone, 565 
Lactose, 340 
Laking of blood, 103 
Lamp black, 205 
Lanital, 396 
Lanolin, 431 
Lard, 352 
Laughing gas, 200 
Laundry soap, 363 
Lauryl alcohol, 366 
Law 

Avogadro’s, IZl 
of conservation of energy, 8 
of definite composition, 14 
Lead acetate, 312 
I,eathm, 467, 615 
Lecjtboproteins, 399 
Leucine, 611 
Leukemia 446 
Leukocytes, 442, 444, 446 
Levulose, 338 

Light, carbohydrate synthesis and, 
relation of, 209 
nckets and, relation, 695 
Lignite, 205 
Lime 

chloride of, 150 
chlorinated, 202 


Lime (Continued) 
milk of. 161 
slaked, 161 
uses of, 161 
Limewater, 161 
laboratory experiment on, 648 
Linoleic acid, 355 
Linolein, 355 
Ltnolenic acid, 355 
Lipase, 417 

effect of bile eslts on, 431 
in gastric juice, 417 
in pancreatic juice, 417 
Lipids See aUo Fatg 
classification of, 351 
Lipolytic enzymes See Lipase 
Lipoproteins, 515 
Litmus, use of 144, 158, 166 
Liver 

formation of bile pigments in, 430 
in carbohydrate metabobsm 605 
in fat metabolism, 430 
Lye, 161 
Lymph, 468 
Lysine, 521, 609 

Macnauum, 220 
Magnesium 
in metabolism, 530 
in water, 74 
test for, 682 

Magnesium carbonate. 178 
Magnesium citrate, 153. 312 
Magnesium hydroxide, 162 
Magnesium sulfate, 178 
Malonic acid, 311 
Malt extract, 341 
Malt sugar, 341 
Malt vinegar, 153 
Maltese 

in inteatinal juice, 429 
in yeast, 333 
Maltose, 341 

Manganese in metabolism, 631 
Manhattan Project, 234 
Marsh gas, 274 
Matches, 60 
Matter 

allotropic forms of, 60 
composition of, 10, 24 
electrical constitution of, 24 
energy and, 7 
states of, 7 

Mayonnaise dressing, 114 
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Measurement 
methods of, 624 
of vessels, 646 
Mercerized cotton, 348 
Mercuric chlonde 178 
Mercurochrome, 673 
Mercurous chlonde, 178 
Mercury salts 

precipitation of proteins by, 390 
test for, 682 
Metabolism 
aerobic, 507, 509 
age and, relation of, 501 
anaerobic, 607, 508 
basal, 499, 756 
chenucal nature of, 495 
defimtion of, 495 
endogenous, 483 
energy of, 496 
exogenous, 483 
in obesity, 524 

influence of internal factors on, 601 
intermediary, 503 
of carbohydrates, 503 
vitamioa in, 503, 511 
of fats. 515 
of proteins, 520 
of salts, 526 
of water, 634 

rate of, determining, value of 502 
test of, 756 

variations in causes of, 501 
MetalCs) 

activity senes of, 216 
alloys of, 219 
nature of, 219 
properties of, 219 
characteristics of, 12, 215 
classification of, basis for, 214 
cleaning of, 217 
defimtion of, 31, 214 
laboratory tests for, 681 
nonmetals and, comparison of, 196 
tarnish removal from, 216 
test for, 626, 681 
Metallic elements, 12 
test for, 681 
Metaprotems 400 
Methane 

halogen substitution products of, 
277 

properties of, 266 
Methane radical, 265 
Methane senes of hydrocarbojig, 262 


Methanol, 285, 291 
Methionine, 527, 611 
Methyl alcohol 285, 291 
Methyl ethyl ether, 301 
Methyl mercaptan, '^478 
Methyl orange, 158 
Methyl radical, 265 
Methyl salicylate, 318 
Methylamine, 382 
Methylene blue, 212 
Metnc system, 8 
apothecaries* system and, 
equivalents of, 624 

Milk 

acidophilus, 433, 610 
as food, 603 
certified, 608 
clotting of, 109. 341, 425 
composition of, 605 
cow's, 602 
fermentation of, 340 
fuel value of, 6lD 
homogenized, 607 
human, composition of, 605 
laboratory experiment on, 766 
lactic acid, 608 
mineral content of, 611 
modified, 606 
ofbme, 161 
of magnesia, 162 
pasteurization of, 331, 607 
protein in, 610 
Vitamins in 611 
whey in, 609 
Milk sugar, 340 

Milliequivaient definition of, 100 
MiUon’s test for proteins, 394 
Mineralfs) 
in water, 74 

nutritional, requirements for, 526 
Mineral analysis of water, 75 
Mineral oil, 281 
Mixttaes 23 
definition of, 14 
laboratory experiment in, 642 
Molar solution, 98 
Molasses, 339 
Mole, 98 

Molecule, defimtion of, 20 
Monel metal, 219 
Monosaccharide 336 
definition of, 326 
structure of. 325 
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Monosodium hydrogen phosphate, 
186 

Morphine. 192 
Mother of vinegar, 153 
Moths, 141 
Mucin in saliva, 423 
Muscles 

contraction of, control of, 632 
creatinine and, 485 
effect of salts on, 190 
Muscular dystrophy, 598 
Myosm, 399 
Myxedema, 548 

Nephritis, 479 
Neptumum, 239 
Nerves 

infl uence of Salta on, 532 
imtabihty of, control of, 532 
Neuritis, 582 
Neutralisation 158, 173 
definition of, 174 
in blood, 185 

laboratory expenment in, 686 
Neutron, 25 
Nmeat, 586>J87 
Nickel 
alloys of, 219 
cleamng of, 218 
Nicotinamide, 685 587 
Nicotine, 192 
Nicotimc acid, S8S 
Night blindness, 578 
Nitrate 

in water, 75 
test for, 676 
Nitnc acid, 151 
salts of, 178 
Nitrides, 198 
Nitrifying bacteria, 198 
Nitrobenzene, 317 
Nitrocellulose, 347 
Nitrogen 

as plant food, 19S 
balance of, in metabolism, 524 
compounds of, 19S 
importance of, to plant life, 197 
occurrence of, 196 
properties of, 196 
uses of, 198 
Nitrogen cycle, 19? 

Nitrogen fixation, 197, 198 
Nitrogenous fibers, 395 
Nitroglycerme, 295 
Nitrous oxide, 200 


Nonelectrolytes, 118, 669 
Nonmetals 

characteristics of, 12 
definition of, 31, 195 
Nonprotein nitrogen in blood, 465 
Normal solution, 98 
Nuclear energy, 236 
source and magnitude of, 236 
Nuclear fission, 236, 23S 
Nuclear reactions, 231 
Nucleic acid, 399, 402, 485 
Nucleoproteina, 399, 402 
Nucleus of atom, 25 
Nutnents in foods, test for, 739 
Nyctalopia, 57S 
Nylander’s test, 486 
Nylon. 348, 396 

Obbsitt, causes of, 524 
Octyl acetate, 314 
Oa,356 

cracking of, 266 
hardening of, 358 
hydrogenstioD of, 356 
mineral, 281 
of wuitergreen, 154, 8lS 
Oil paints, drying of, 358 
Oleic acid, 164, 356 
Olein, 356 
Oleomargarine, 352 
Obguna, 477 
Orgamc aads 

cbaractenstic group of, 307 
classification of, 306 
laboratory expenmenta on, 717 
properties of, 309 
salts of. 309, 312 
table of, 308 
Organic chemistry 
definition of, 253 

importance and appbcatton of, 254 
ongui of, 253 

study of, objectives tq, 251 
Organic compounds 

chaiactenstic groups of, 260 
classes of, 260 
inorgamc compounds and, 
comparison of, 254 
sources of 257 
structural theory of, 258 
Ornithine, 523 
Ornithine cycle, 624 
Osazones, 334 
Osmosis 

defimtion of, 101 
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Osmosis (pontinued) 
importance of, 102 
laboratory experiment in, 663 
Osmotic pressure, 101 
effect of dissolved substances on, 
120 

maintenance of, S32 
Osteomalacia, 526, 629 
Osteophagia, 530 
Oxalate, test for, 677 
Oxabc acid. 154, 311, 312 
Oxidants 45 
Oxidase, 56, 417 
Oxidation 

alternate, multiple, 517 
combustion and, 47 
defimtion of, 47 
electron theory and, 47 
of alcohols, 287 
of carbohydrates, 333 
of fats. 367. 516 
of glucose, 503, 609 
of proteins, 521 
of tissues, 467 
role of glutathione in, 467 
role of hematin in, 444 
^ Oxidation theory, 516 
Oxide, defimtion of, 44 
Oxidizing agents 45 
Oxidizing enzymes 417 
Oxyacetylene flame, 54 
Oxygen 

abundance of, 42 
administration of, 55 63 
combination with hemoglobin 445 
importance of, 42 
in breathing, 55 
in industry, 54 
in medicme, 54, 58 
in nature, 53 

laboratory experiment in. 650 
nascent, 150 
preparation of, 43 
properties of, 44 
requirement for, 63 
therapy with, 58-67 
guide for, 66 
uses of, 53 

Oxygen inhalator, 58 
Oxygenating agents, 45 
Oxygenation, 44 
Oxyhemoglobin, 445 
as buffer, 452 
Oxytocin 568 
Ozone, 49 


Paint, drying of, 358 
Palmitic acid, 154, 308, 355 
Palnntm, 356 
Pancreas 

digestive function of, 428 
hormones of, 542 
Pancreatic amylase, 428 
Pancreatic enzymes, 428 
Pancreatic juice, 428 
Pancreatic hpase, 428 
Pancreatic proteinase, 428 
Pantothenic acid, 587 
coenzyme A in, 611 
Paper, 349 
Paracasem. 426, 611 
Paraffin base, oils with, 280 
Paraldehyde, 298 
Parathormone, 550 
Parathyrin, 550 

Parathyroids, calcium metabolism 
and, 549 

Parenteral solutions, 465 
Parotid glands, 423 
Pasteur, 331 
Pasteurization, 331, 607 
Pectin US 
Pellagra, 585 
Penicillin notatum, 469 
Pepsin, 425, 426 
action of, optimum pH for, 419 
function of, 417, 425 
Pepsmogen, 425 
Peptidases, 425 
Peptide bnkage, 387 
Peptides, 393, 400 
Peptization, 107 
Peptones, 393, 400 
Periodic table 629 
Peristalsis, foods affecting 346 
Permutit process of watersoftemng,85 
Perondase, 417 
Petroleum 
composition of, 279 
cracking of, 266, 281 
distillation of, 
fractional, 280 
products of, 281 
reflmng of, 280 
Petroleum coke, 281 
Pewter, 220 

pH See Hydrogen ion concentration 
Phagocytic cells, 447 
Phenacetm 383 
Phenol. 317, 318 
antidote for, 620 
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Phenylalanine, 611 
Phenyl Balicylate, 318, 319 
Phosphate 

buffer action of, 186 
m glucose metabolism, 506 
test for, 677 
Phosphatide, 372 
Phospholipids, 372 
Phoaphopjoteins, 399 
Phosphorus 
allotropic forms of, 204 
compiounds of, in body, 204 
metabolism of, 629 
Phosphotungstic acid, 391 
Photosynthesis, 210 
Physical changes, 4 

laboratory experiments in, 640 
Physical stimuli, 418 
Physiological salme solution, 102 
Picno acid, 391 
Pigments 
bile. 429 431 
urinary, 477, 482, 486 
Pilocarpine, 192 
Fitch, 261 
Pitocin, 668 
Pitressin, 668 
Pituitary hormones, 660 
Plasma 

constituents of, 462, 463 
function of, 462 
Plaamolysis, 103 
Plaster of Pans, 178 
Platelets in blood, 447 
Plethora, 441 
Plutomum, 238 
Poisons and antidotes 620 
Polomuro, 225 
Polycythemia, 445 
Polymerization, 293 
Polypeptides, 394 
Polysaccharides, 342 

chemical properties of, 342 346 
defimtion of, 327 
hydrolysis of, 330 
structure of, 327 
Polyuna, 477 

Posterior pituitary hormone, 567 
Potassium 
in soaps, 362 
in water, 75 
metabolism of, 530 
test for, 681 

Potassium acid tartrate, 153 
Potassium chlorate, 43 


Potassium hydroxide, 157, 161 
Potassium nitrate, 178 
Potassium permanganate, 16 
Potassium sodium tartrate, 16 
Potential energy, 7 
Precipitate, definition of, 649 
Pregnancy, role of calaum in, 529 
Pregnanediol, 559 
Pressure 
hyperbanc, 67 
osmotic, 101 
Primary alcohol, 287 
Progesterone, 559 
Prolactin, 565 
Propane 263 

Proportions, definite, law of, 14 
Propyl radical, 265 
Propyl thiouracil, 549 
Prophetic factor, 420 
Protamines, 398 
Protem(s) 
absorption of, 435 
as buffers, 452 
assimilation of, 400 
calonfic value of, 9 
chemical properties of, 390 
classification of, 297 
coagulation of, 395, 400 
colloidal behavior of, 114, 389 
color reactions of, 394 
composition of, 380 
conjugated, 399 
classification of, 399 
conversion of, into glucose, 621 
definition of, 387 
denved, 399 
classification of, 400 
digestion of 

by peptidases. 422. 429 
by pepam, 425 
by trypsin, 429 

fat metabolism and, relation of, 622 

food BOurcea of, 379 

formation of, 379 

functions of, 377 

hydrolysis of, 394 

laboratory experiment in, 729 

metabolism of, 520 

nutritional requirements of, 498 

occurrence of, 377, 379 

oxidation of, 521 

physical properties of, 389 

precipitation of, 390 

research, 401 

salt forming properties of, 393 
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Protem(s) (Continued) 
sensitivity to, 436 
Simple, 397 
classification of, 398 
solubility of, 389 
structure of, 387 
swelling of, 395 
test for, 394, 729 732 
Proteinase, 418 
Proteinates, 393 
Proteinuria, 487 
Proteoses, 394, 400 
Prothrombin, 447 
Proton, 24 
Proton acceptor, 134 
Proton donor, 134 
Protoplasm, 88 
Protoprotease, 400 
Provitamin Di, 373, 516, 595 
Psychosis, 395 
Ptomaine poisoning, 383 
Ptyahn, 341, 422 
Purification of water, 76 88 
Punnes, 485 
Pus in unne, 489 
Putrefying bacteria, 433 
Pyrene fire extinguisher 62 
Pyndine, 320 
Pyndoxine, 587 
Pyroxylin, 347 

Pyruvic acid, metabolism, 507*511 
Pyuna, 489 

Qualitative test, 626 
Quaternary ammonium compounds, 
384 

Quicklime, 161 
Quinine, 192 

Radiation, loss of heat by, 466 
Radical 
acid, 144 

tests for, 627 
alkyl, 265 
anuno, 381 
carboxyl 307 
defimtion of, 32 
names of, 32 
negative, 32 
tests for, 676 
valence of, 32 

Radioactivity, artificial, 232 
Radiograph 224 
natural, 226 
nature of, 226 


Radioisotopes, 232 

in medicine and nutrition, 233 
Radium 

discovery of, 225 
emanations of, 226 
properties of, 225 
uses of, 228 
Radon. 227, 229 
Rancidity of fats, 365 
Rayon, 348 

Rays from radioactive elements, 226 
“hard”, 225 
Red cells, 442, 444 
Red phosphorus, 204 
Reducing agent, 47 
Reducing enzymes, 417 
Reductant, 47 
Reduction, defimtion of, 47 
Renal diabetes, 513 
Rentun, 417, 426 

Replacement senes, of metals, 145 
Reproduction, role of vitamin E, 598 
Resins, exchange, punfication of 
water by, 87 

Respiration, chemistry of 65 
Reversible reactions, 125, 137 
Ribofiavin, 684 
assay of, 585 

deficiency of, effects of, 685 
requirements for, 585 
source of, 585 
ututage of, 585 
Ribonucleic acid, 402 
Rickets, 594, 600 
Rigor mortis, 399 
Ringer’s solution, 102 
RNA, 402 
Roentgen, 223 
Rust, iron, 217 

Saccharide groups of carbohydrates, 
324 

Saccbann, 153, 325 
Salicybc acid, 154, 318 
Saline solution, 102 
Saliva 

composition of, 423 
enzymes in, 423 
Salivary amylase, 341, 423 
Salmine, 398 
Salol, 318, 319 
Saltfs) 

acid, 180, 181 
alkali, 182 
alkaloid, 192 
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Salt(s) {Continued) 
ammoniuni, 200 
antidotes for, 620 
basic, 180, 182 
buffer, 185 
definition of, 175 
double, 182 
effect on cells, 191 
hydrolysis of, 182 
importance m body, 188 
in human body, 182 
onconyiatibibyr ot 176 
inorgamc functions of, 626 
ionization of, 177 
laboratory expenment in, 689 
medicinal, 178 
metabolism of, 626 
mured. 182 
nammg of, 181 
neutral, 164 
normal, 180 
of metals, 3l 
or organic aads, 312 
preparation of, 176 
properties of 176 

role in maintaining osmotic pres- 
sure, 632 

role in muscle contraction, 632 
smelling, 200 

solution of, physiological, 102 
types of, 180 
typical, 177 
Salting out 
of proteins, 392 
of soap, 362 
Salvarsan, 383 
Sand filter for water, 78 
Sanitary analysis, 76 
Saponification, 361 
Saturated hydrocarbons, 264 
Saturated solution, 97 
Sauerkraut, 154 
Scurvy, 691 
Secondary alcohol, 287 
Secretm, 569 
Secretions 
gastric, 424 
intestinal, 427 
salivary, 423 
table of, 422 
Sedatives, 202 
Sedimentation, 81 
Seidlitz powders, 153 
Semipermeable membranes, 101 
Serum, 443 
Sewage disposal, 80 


Sex cycle, female, 557 
Shells of electrons, 25 
Silicon carbide, 206 
Silk, artificial, 313 
Silver 

alloys of, 220 
com, 220 
properties of, 219 
sterlmg, 220 
tarnishing of, 219 
test for, 683 

Silver xairror test for aldehydes^ 297, 
717 

Silver mtrate, 178 
Sippy powder, 185 
Slaked lime, 161 

Sleep, relation to unne volume, 476 

Smelling salts, 200 

Soap 

as antiseptic, 362 
cleansing power of, 363 
definition of, 361 
floating, 365 
formation in body, 370 
germicidal, 362 
green, 362 
hard, 361 
hymolal, 363 

laboratory experiment in, 725 
laundry, 363 
preparation of, 361 
properties of, 361 
reactions with water, 362, 363 
saltmg out of, 362 
scouring, 862 
soft, 361 
solution of, 363 
washing, 365 
yellow laundry, 365 
zinc stearate, 365 
Soda 

baking, 16, 178 
Washing, 178 
Sodium 

in metabolism, 530 
in water, 75 
test for, 681 
Sodium benzoate, 153 
Sodium bicarbonate, 178 
Sodium carbonate, 178 
Sodium chloride, 190 
Sodium hexametaphosphate, 87 
Sodium hydrogen carbonate, 184 
Sodium hydroxide, 160 
Sodium hypochlorite, 150 
Sodium lauryl sulfate, 865 
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Sodium salicylate, 318 
Sodium soaps, 361 
Sodium sulfate, 689 
Soft coal, 205 
Soft water, 74 
Softening of water, 83 
Sol, 108 
Solder. 220 

Solidification, heat of, 71 
Solubility 

conditions affecting, 95 
defiration of, 96 
rules for, 777 
table of, 778 
Solute 

defimtion of, 95 

effect of, in making solutions, 104 
Solutionfs) 
alcoholic, 94 
aqueous, 94 

aa electncal conductors, 117 
classification of, 97 
colloidal, 105 
companaon of, 105 
components of, 94 
concentrated, 97 
Dakin’s, 160, 202 
definition of, 44 
dilute, 97 
hypertomc, 103 
hypotonic, 103 
ionization theory and, 122 
isotonic, 103 

laboratory expenment m, 659 
molar, 98 
normal, 98 
parenteral, 465 
physiological saline, 102 
preparation of, 96 
properties of, 101 
Ringer’s, 102 
saturated, 97 
supersaturated, 97 
true 94 
Solvent, 95 
Soot, 205 

Specific gravity, 70 
Specific heat, 70 
Spectrograph, mass, 237 
Spontaneous combustion, 49 
Spry, 358 
Stain(8) 

laboratory experiment in, 670 
removal of, 338, 139 
Stainless steel, 220 


Starch, 343 

digestion of, 424 
effect of heat on, 345 
fermentation of, 344 
hydrolysis of, 330, 345 
test for, 343, 720 
Steapsln, 429 
Steanc acid, 154, 308 
Stearin, 357 
Sted, stainless, 220 
Steel wool, tarnish removal with, 216 
Stercobdin, 432 

Sterility, relation to vitamm E, 598 
Sterling silver, 220 
Sterol. 373 
Stomach 

digestion in, 424 
emptying of, rate of, 426 
hydrochloric acid in, 149, 425 
Streptomycin, 469 
Strontium 90, 241 
Structural formula, 34 
Strychnine, 292 
Sublingual glands, 423 
SubmauUary glands. 423 
Substitution products, 267, 276, 277, 
316 

Substrate, 418 
Succus eatericus, 428 
Sucrase, 417 
Sucrose, 339 

hydrolysis of, 340 
structure of, 325 
Suet, 352 
Sugarfs) 

absorption of, 435 
grape, 336 
in blood, 337 
invert, 340 
isomeric, 325 
malt, 341 
milk, 340 
test for, 329, 488 
Sulfa drugs, 363, 470 
Sulfadiazme, 383, 470 
Sulfanilamide, 319, 383 
Sulfapyndme, 470 
Sulfate, test for, 676 
Sulfathiazole, 321, 383, 470 
Sulfonanude, 470 
Sulfur, 203 
Sulfur dioxide, 152 
Sulfunc acid, 151 
Sulfurous acid, 152 
Sunburn, 49 
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Supersaturated solution, 97 
Suprarenal glands, 551 
Suspensions, colloidal, 105 
Syncope, 66 
Syneresis, 113, 448 
Synthesis, 4 
Syphdis, 383 

Talixjw, 352 
Tannic acid, 391 
Tarnish 

of metals, 216 
removal of, 216 
Tartanc acid, 153 311,312 
Tartrate, teat for, 677 
Tartronic aad, 367 
Teeth 

relation to vitamin C, 591 
relation to vitamin D, 595 
Temperature, effect on enaymes, 419 
Temperature scales, 62S 
Ternary acids, 148 
Tertiary alcohol, 287 
Testicular hormone, 555 
Testosterone, 557 
Tetany, hypoparathyroid, 550 
Textile fibers testa for, 628, 733 
Theory 

atomic, 19 21 
beta-ondation 616 
Bronsted, 133 
electron, 24 
Howell's, 445 
ionization 122 
Knoop, 616 
Thiamine, 581 
assay of, 584 

deficiency of, effects of, 682 
functions of, 582 
properties of, 683 
requirements for, 684 
source of, 581 
umtage of, 684 
Thiamine hydrochloride See 
Thiamine 
Thiourea, 649 
Thiouracil, 849 
Threomne 611 

Threshold point of hidney, 512 
Thrombin 417, 447 
Thromboplastin, 448 
Thyroglobulm, 646 
Thyroid hormone, 545 
Thyrotrophin, 566 
Thyroxme, 545 


Tm 

alloys of, 219 
cleaning of, 218 
Tissue oxidation, 467 
Tocopherol, 598 

Tollen's test for aldehyde, 297, 717 
Trace elements, metabolism of, 631 
Transamination, 522 
Tnbasic acid, 311 
Tricarboxylic acid cycle, 609, 510 
Tnmethylanune, 382 
Trypsin, 417, 428 
Trypsinogen, 428 
Tryptophan, 521, 611 

Unsaturated hydrocarbons, 268, 
271 

Uranium 
isotopes of, 236 
nucleus of, splitting of, 237 
Uranium disintegration senes 228 
Urates 486 
Urea 

action of bactena on, 478 
formation of, 522 
m urine, sigmficance of, 483 
preparation of, synthetic, 253 
Urea nitrogen in blood, sigmficance 
of, 460 
Urease, 415, 417 
Unc acid, 485 
Unnalysis, 752 
importance of, 47S 
Unnary calcuh, 491 
Urinary pigments, 477. 482, 486 
Unne 

abnormal constituents of, 467 
acetone in, 488 
acidity of, 480 
albumin in, 487 
ammonia m 483 
analysis of, 752 
collection for, 476 
importance of, 475 
blood in, 489 
casts in, 490 
color of, 477 
composition of, 482 
creatine and creatinine m, 485 
examination of, 475 
excretion of, 472 
formation of, 474 
glucose in, 488 
indican in, excess of, 489 
test for, 755 
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Urine (Cofiiinued) 

inorganic salts in, 486 
laboratory expenment in, 749, 752 
lactose in, 489 
odor of, 478 

organic constituents in, 483 
pH of, factors affecting 480 
physical examination of, 476 
pigments in, 477, 482, 486 
pus cells in, 489 
reaction of, 480 
sediment in, 489 
specific gravity of, 479 
transparency of, 478 
urea in, sigmficance of, 478, 483 
line acid in, 485 
urinod in, 478 
urobilin in, 431, 486 
uiocbiome in, 431, 477 , 486 
aroerythrm in, 486 
volume of, daily, 476 
factors affecting, 476 
Unnod, 478 
Urobilin, 466 
Urochrome, 431, 477, 486 
Uroerythnn, 486 
Urotropioe, 298 

Valence, 30 

chemical activity and, 31 
defimtion of, 28, 253 
of metals, 31 
of nonmetals, 31 
of radicals, 32 
table of, 32 
theory of, 28 
vanable, 31 
Valine, 611 

Vaponzation heat of, 70 
Vinegar, 153 
Vinethene, 303 
Viosterol 595 
Vinlism, adrenal, 555 
Vitainin(s), 573 
assay of, 575 
classification of, 574 
defimtion of, 574 
general role of 574 
history of 573 

hormones and, similanty between, 
574 

in metabolism, 503, 511 

in nutrition, 601 

potency of. umt systems of, 576 


Vitamin (s) (Continued) 
requirements for, 589 
table of, 600 
Vitanun A 
assay of. 580 

deficiency of, effects of, 577 
properties of, 579 
requirements for, 580 
source of, 579 
umtage of, 680 
Vitanun B complex, 581-590 
Vitamm Bi See Thiamine 
Vitamin Bt See Jiibo/Iaiin 
Vitamm B|, 587 
Vitanun B,{, 690 
Vitamin C, 591 
assay of, 592 

deficiency of, effects of, 591 
functions of, 691 
requirements for, 693 
source of, 592 
umtage of, 592 
Vitamm D, 694 
assay of, 596 

deficiency of, effects of, 595 
fimction of, 595 
requirements for, 597 
source of, 595 
umtage of, 596 
Vitamin Dt, 593 
Vitamin E, 658 
Vitamin K, 599 

Wasidnc soda, 178 
Water 

action of metals on, 73 
adaptations of life to 534 
aeration of 80 
analysis of, 75 
as uiut of measurement, 71 
chemical properties of. 72 
condensation of, heat of, 70 
density of, 70 
dissociation of 163 
distillation of, 76 
electrolysis of, 43, 129 
exchange, 534, 536 
filtration of, 77 
function of, in body, 635 
hard 74 

action with soap 361 
laboratory softemng of, 657 
objections to, 82 
permanent, 84 
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Water (Continued) 
softening of, 83 
temponry, 84 
impunbes m, 74 
in blood, 442 

in body, importance of, 534 
in foods, 69 
in milk, 605 
m unne, 482 
inorganic matter in, 74 
Javelle, 202 

laboratory experiment in, 655 
metaboham of, 534 
mmeral analysis of, 75 
need for, of body, 537 
occurrence of, 69 
of crystallization, 72 
of hydration, 72 
organic matter in, 75 
physical properties of, 70 
physiological importance of, 88, 
537 

punficatioQ of, 76 88 
sanitary analysis of, 76 
soft. 74 

solididcation of, heat of, 71 
softening of, 83 
specific gravity of, 70 
uses of, 70, 83 
vaporuation of, heat of, 70 
Water gas, 73 
Water intoxication, 636 
Waxes, 315 


Weights and measurements 624 
conversion factors for, 624 
Wesson oil, 352 
Wet cleamng, 140 
Whey, 609 
White cells, 446 
White phosphorus 204 
Whitmg, tarnish removal with, 216 
Wme vinegar, 153 
Wintergreen, oil of, 154, 318, 319 
Wood, destructive distillation of, 257, 
701 

Wood alcohol, 291 
Wood’s metal, 220 
Work, relation to calorific require 
ments S 


Xanthoprotetc reaction, 394 730 
Xerophthalmia, 577 
X rays, discovery of, 223 
X ray therapy, 224 

Yeast, vitamm B in, 683 

Zein, 398, 621 

Zeobte, water softemng with, 85 

ZiDC, alloys and uses of, 218 

Zinc oxide, 16 

Zinc stearate, 312 365 

Zinc sulfate, 16 

Zymase, 333, 417 

Zymogen 420 



